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! cardiac output usually maintained « effects on daily activities usually minimal: 
: . . There is less frequent symptomatic postural hypotension with 
sodium and fluid retention ALDORIL than with many other antihypertensive agents. Exercise 
generally controlled hypotension and diurnal blood pressure variations rarely occur. 
a o e ~4 e ° ‘ > 
| two highly effective greater dosage convenience: a b.i.d. regimen IS 
! l " possible for many patients 
| comp ementar y agents e four dosage strengths: offer the widest range of 
| As a fixed combination, ALDORIL is not indicated for initia! dosage strengths available in a combination antihypertensive 
f therapy since hypertension requires therapy titrated to the TABLETS 
b individual patient. If an available strength of ALDORIL meets ALDORII?-25 containing 250 mg ALDOMET* (Methyldopa, MSD) 
the patient's titrated needs, the combination drug may be and 25 mg HydroDIURIL* (Hydrochlorothiazide, MSD) 
more convenient in patient management. Therapy should be TABLETS 
reevaluated as necessary. ALDORIL- 15 containing 250 mg ALDOMET" (Methyldopa, MSD) 
|. ALDORIL is contraindicated in active hepatic disease; anuria; RP HydroDIURIL* (Hydrochlorothiazide, MSD) 
hvpersensitivity to methyldopa or to h drochlorothiazide or 
yP : iuris : ALDORII D50 containing 500 mg ALDOMET* (Methyldopa, MSD) 


other sulfonamide-derived drugs; if previous methyldopa 


therapy has been associated with liver disorders. In patients and 50 mg HydroDIURIL* (Hydrochlorothiazide, MSD) 


a ak TABLETS 
with renal disease, thiazides TUM precipitate azotemia. Use ALDORIL D30 containing 500 mg ALDOMET* (Methyldopa MSD) 
with caution in patients with severe renal disease or impaired and 30 mg HydroDIURIL* (Hydrochlorothiazide, MSD) l 
hebatic function. M SD 
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It isimportant to recognize that a posi- 


tive Coombs test, hemolytic anemia, & á N HAR 
" and liver disorders may occur with | HARTE 
methyldopa therapy. The rare occur- 
'. rences of hemolytic anemia or liver 
disorders to potentially 
fatge6mplications unless properly containing methyldopa and hydrochlorothiazide 
i ognized and managed. For more e 
* details, see the brief summary of The most prescribed | | 
! prescribing information. 2 E E. mas" 
combination antihypertensive 


= Fora brief summary 
. , of prescribing information, . h U S d 
* please see following page. In t e ek. Je to ay à 


Antihypertensive TABLETS Antihypertensive TABLETS Antihypertensive TABLETS Antihypertensive TABLETS 


ALDORIL® D50 ALDORIL® D30 ALDORIL®-25 ALDORIL®-15 
methyldopa 500 mg and methyldopa 500 mg and methyldopa 250 mg and methyldopa 250 mg and 
hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg hydrochlorothiazide 25 mg  hydrochlorothiazide 15 mg 
urinary uric acid by the phosphbtungstate method, serum creatinine by the alkaline picrate 
WARNING method, and SGOT by colorimetric methods. Since methyldopa causes fluorescence in 
This fixed combination drug is not indicated for initial therapy of hypertension. urine samples at the same wavelengths as catecholamines, falsely high levels of urinary 
Hypertension requires therapy titrated to the individual patient. If the fixed catecholamines may be reported. This will interfere with the diagnosis of pheo- 
combination represents the dosage so determined, its use may be more convenient in chromocytoma. It is important to recognize this phenomenon before a patient with a 
patient management. The treatment of hypertension is not static, but must be possible pheochromocytoma is Subjected to surgery. Methyldopa is not recommended for 
reevaluated as conditions in each patient warrant. patients with pheochromocytoma. Urine exposed to air after voiding may darken because 


of breakdown of methyldopa or its metabolites. Involuntary choreoathetotic movements 


i ven tI 23 tM i have been observed in patients with severe bilateral cerebrovascular disease. If such 





-if previous methyldopa therapy has been associated with liver disorders (see Warnings) hypotension occurring during anesthesia usually can be controlled with vasopressors. 
. anuria; hypersensitivity to methyldopa or to hydrochiorothiazide or other sulfonamide- Hypertension has recurred after dialysis in patients on methyldopa because the drug is 
. Gerived drugs. removed by this procedure. 


Warnings: METHYLDOPA—It is important to recognize that a positive Coombs HYDROCHLOROTHIAZIDE— Perform periodic determination of serum electrolytes to 
lest, hemolytic anemia, and liver disorders may occur with methyldopa detect possible electrolyte imbalance. Observe all patients for evidence of fluid or 
therapy. The rare occurrences of hemolytic anemia or liver disorders could electrolyte imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia, 
. lead to potentially fatal complications unless el ai recognized and Serum and urine electrolyte determinations are particularly important when patient is 
_ managed. Read this section carefully to understand these reactions. vorniting excessively or receiving parenteral fluids. Warning signs or symptoms of fluid 
_ With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct and electrolyte imbalance include dryness of mouth, thirst, weakness, lethargy, 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
dosage of 1 g or less. This on rare occasions may be associated with hemolytic anemia, oliguria, tachycardia, and gastrointestinal disturbances such as nausea and vomiting. 
. which could lead to potentially fatal complications. One cannot predict which patients with Hypokalemia may develop, especially with brisk diuresis, in severe cirrhosis, with 
4 positive direct Coombs test may develop hemolytic anemia. Prior existence or concomitant corticosteroids or ACTH, after prolonged therapy, or with inadequate oral 
_ development of a positive direct Coombs test is not in ‘itself a contraindication to use of electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to toxic 
methyldopa. If a positive Coombs test develops during methyldopa therapy, determine effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be avoided or 


_ whether hemolytic anemia exists and whether the positive Coombs test may be a problem. treated by use of potassium supplements, such as foods with a high potassium content. 
‘For example, in addition to a positive direct Coombs test there is less often a positive Although any chloride deficit is generally mild and usually does not require specific 
s inc irect Coombs test which may interfere with cross matching of blood. treatment except under extraordinary circumstances (as in liver disease or renal disease), 
4 At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit, chloride replacement may be required in metabolic alkalosis. Dilutional hyponatremia 
." hemoglobin, or red cell count) for a baseline or to establish whether there is anemia may occur in edematous patients in hot weather; appropriate therapy is water restriction, 


.. Periodic blood counts should be done during therapy to detect hemolytic anemia. Itmaybe rather than administration of salt, except in fare instances when the hyponatremia is life 
-. useful to do a direct Coombs test before therapy and at 6 and 12 months after the start of threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 
therapy. If Coombs-positive hemolytic anemia occurs, the cause may be methyldopa and Hyperuricemia may occur or acute gout may be precipitated in certain patients. Insulin 
the drug should be discontinued. Usually the anemia remits promptly If not, requirements in diabetic patients may be increased, decreased, or unchanged; latent 
corticosteroids may be given and other causes of anemia should be considered. If the diabetes mellitus may become manifest. Thiazides may increase responsiveness to 
-hemolytic anemia is related to methyldopa, the drug should not be reinstituted. When tubocurarine. Antihypertensive effects of the drug may be enhanced in postsympathec- 
_ methyldopa causes Coombs positivity alone or with hemolytic anemia, the red cell is tomy patients. May decrease arterial responsiveness to norepinephrine; this diminution is 
ee | coated with gamma globulin of the IgG (gamma G) class only. The positive not sufficient to preclude effectiveness of the pressor agent for therapeutic use. If 
~ Coombs test may not revert to normal until weeks to months after methyldopa is stopped. progressive renal impairment becomes evident, consider withholding or discontinuing 
.. Should the need for transfusion arise in a patient receiving methyldopa, both a directand diuretic therapy. Thiazides may decrease serum PBI levels without signs of thyroid 
an indirect Coombs test should be performed on his blood. In the absence of hemolytic disturbance. Calcium excretion is decreased by thiazides. Pathological changes in the 
. anemia, usually only the direct Coombs test will be positive. A positive direct Coombs test parathyroid glands with hypercalcemia and hypophosphatemia have been observed in a 
alone will not interfere with typing or cross matching. If the indirect Coombs test is also few patients on prolonged therapy; thiazides should be discontinued before lesting for 


. positive, problems may arise inthe major cross matg and4he assistan qu tologist parathyroid function. 
Of transfusion expert will be needed. 2) A Adverse Reactions: METHYLDOPA— Central nervous system: Sedation, headache, 
r m 


Fever has occurred within the first three weeks of t apy, SO timed with eosinophilia or asthenia or weakness; dizziness, lightheadedness, symptoms of cerebrovascular 
abnormalities in one or more liver function tests, such as serum alkaline phosphatase, insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased mental acuity, 
. Serum transaminases (SGOT, SGPT), bilirubin, cephalin cholesterol flocculation, involuntary choreoathetotic movements; psychic disturbances, including nightmares and 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever, may reversible mild psychoses or depression. Cardiovascular: Bradycardia, aggravation of 
occur, with onset usually within the firsttwo to three months of therapy. In some patientsthe angina pectoris. Orthostatic hypotension (decrease daily dosage). Edema (and weight 
findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has been gain) usually relieved by use of a diuretic. (Discontinue methyldopa if edema progresses 
. reported. These hepatic changes may represent hypersensitivity reactions; periodic or signs of heart failure appear) Gastrointestinal: Nausea, vomiting, distention, 
_ determination of hepatic function should be done particularly during the first6 to 12weeks constipation, flatus, diarrhea, mild dryness of mouth, sore or “black” tongue, pancreatitis 
-. of therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function Sialadenitis. Hepatic: Abnormal liver function tests, jaundice, liver disorders. Hemato- 
< tests, or jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the logic: Positive Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, thrombo- 
. temperature and abnormalities in liver function characteristically have reverted to normal Cytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid factor. Allergic. 
J hen the drug was discontinued. Methyldopa should not be reinstituted in such patients. Drug-related fever, lupus-like syndrome, myocarditis, Other: Nasal Stuffiness, rise in BUN, 


< Rarely, reversible reduction of white blood cell count with primar effect on granulocytes breast enlargement, gynecomastia, lactation, impotence, decreased libido, dermatologic 
- has us seen. Reversible thrombocytopenia has au uma v When sd with oes reactions including eczema and lichenoid eruptions, mild arthralgia, myalgia. 
- antihypertensive drugs, potentiation of antihypertensive effect may occur. Follow patients HYDROCHLOROTHIAZIDE— Gastrointestinal System: Anorexia, gastric irritation, nausea, 


- carefully to detect side reactions or unusual manifestations of drug idiosyncrasy, et Aral as Dan peron, A Le tell eee rod 
- HYDROCHLOROTHIAZIDE — Use with caution in Severe renal disease. In patients with Pancreatitis, slaladenitis. Central nervous system: Dizziness, vertigo, pares esias, 
- renal disease thiazides may precipitate azotemia. Cumulative effects may develop in headache, xanthopsia. Hematologic: Leukopenia, agranulocytosis, thrombocytopenia, 
p ) aplastic anemia, hemolytic anemia. Cardiovascular: Orthostatic hypotension (may be 


patients with impaired renal function. Use with caution in atients with impaired hepatic ae é 
naa or aofessive liver disease, since minor mre of fluid Ane electrolyte aggravated by alcohol, barbiturates, or narcotics). Hypersensitivity: Purpura, photosensi- 


balance may precipitate hepatic coma. May add to or potentiate action of other "Viby, rash, urticaria, necrotizing angitis (vasculitis) (cutaneous vasculitis), fever 
antitypestensive tins Sensitivity reactions "iv occur in cgo with or withouta 'eSpiratory distress including pneumonitis, anaphylactic reactions. Other: Hyperglyce-e e 
history of allergy or bronchial asthma. Possibility of exacerbation or activation of systemic mia, glycosuria, hyperuricemia, muscle spasm, weakness, r estlessness, transient blurred 

lupus erythematosus has been reported. Lithium generally should not be given with vision. Whenever adverse reactions are moderate or severe, thiazide dosage should be 
diuretics because they reduce its renal clearance and add a high risk of lithium toxicity, leduced or therapy withdrawn. 
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read circulars for lithium preparations before use of such concomitant therapy vie itas dri ee usually iil de je jt T nnm of an ` 
Ha, . ncreasing dosage of either component separately or together requently restores effective 
elc eel boots t abaini leis ue eo prat control. Patients with impaired renal function may respond to smaller doses. Syncope in 
Methyld hiazi heo bad older patients may be related to increased Sensitivity and adva rteriosclerotic 
ethyldopa and thiazides cross the placental barrier and appear in cord blood. vascular disease; this may be avoided by lower doses. 


No unusual adverse reactions have been reported in association with the use of How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15m 
methyldopa during pregnancy. Although no obvious teratogenic effects have been hydrochlorothiazide, bottles of 100 and 1000: Tablets ALDORIL®-25, containing 250 mg 
reported, the possibility of fetal injury cannot be excluded. methyldopa and 25 mg hydrochlorothiazide, bottles of 100 and 1000; Tablets 
The hazards of thiazides crossing the placental barrier include fetal or neonatal jaundice, ALDORIL* D30, containing 500 mg methyldopa and 30 mg hydrochlorothiazide, bottles 
thrombocytopenia, and possibly other adverse reactions which have occurred in adults. of 100; Tablets ALDORIL® D50, containing 500 mg methyldopa and 50 mg hydro- 
Methyldopa and thiazides appear in breast milk. Patients taking ALDORIL should not chlorothiazide, bottles of 100. 


nurse. ord ; : i MSD 
MES CC duae For more detailed information, consult your MSD re esenlaliveorseeful| Whwis 
Pr ecautiq S: MET HYLDOPA — Should be used with caution in patients with histor y of prescribing information. Merck Sharp A Dohme, Dinision of Merck & Co., 
previous liver disease or dysfunction (see Warnings). May interfere with P of | f 4 Point, PA 19486. J9ARIOR1 (026) 
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It Sets The Standard For Years To Come 


Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
ing system. 


New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 
a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
standard mechanical lead selector switch. 


Simplicity of 
operation is achieved in the VS-550, from its in- 
stant paper loading through its autornatic lead 


and calibration marking. And, at just the touch of 


a switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 





The VS-550 
has been designed for simplicity of service ana 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST™ program. Most service adjustments 
can be made without disassembly. Downtime Is 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 


first in electrocardiography 
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Precautions: Do periodic serum electrolyte determina- 
tions (particularly important in patients vomiting — l 
excessively or receiving parenteral fluids). Periodic = 
BUN and serum creatinine determinations should be — 
made, especially in the elderly, diabetics or those 

with suspected or confirmed renal insufficiency. 

Watch for signs of impending coma in severe liver 
disease. If spironolactone is used concomitantly, 
determine serum K+ frequently; both can cause Kt 
BA retention and elevated serum K+. Two deaths have 
A Fi been reported with such concomitant therapy (in 
DY one. recommended dosage was exceeded, in the 
other serum electrolytes were not properly moni- 

tored). Observe regularly for possible blood dyscra- 
sias, liver damage, other idiosyncratic reactions. 

Blood dyscrasias have been reported in patients 

receiving triamterene, and leukopenia, thrombocyto- 
penia, agranulocytosis, and aplastic anemia have been 
reported with thiazides. Triamterene is a weak folic 
acid antagonist. Do periodic blood studies in cirrhotics 
with splenomegaly. Antihypertensive effect may be 
=a enhanced in post- 
NS Nae sympathectomy 
patients. Use 
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Surgical patients. The following 
ay occur: transient elevated BUN 
for creatinine or both, hyperglycemia 
< and glycosuria (diabetic insulin 
requirements may be altered), 
hyperuricemia and gout, digitalis 
intoxication (in hypokalemia), 
decreasing alkali reserve with possible 
metabolic acidosis. Dyazide' interferes 
with fluorescent measurement of 
T quinidine. 
Diuretics reduce renal clearance of lithium 
© and increase the risk of lithium toxicity. 
l idverse Reactions: Muscle cramps, weakness, 
‘dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other dermatological 
conditions; nausea and vomiting, diarrhea, constipation, 
other gastrointestinal disturbances. Necrotizing 
vasculitis, paresthesias, icterus, pancreatitis, xanthopsia 
and, rarely, allergic pneumonitis have occurred with si 
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"T": m stones in association with other usual calculus 
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725 Incidence and Clinical Significance of Induced Ventricular Tachycardia 


CHRISTINE J. VANDEPOL, ARDESHIR FARSHIDI, SCOTT R. SPIELMAN, ALLAN M. GREENSPAN, 
LEONARD N. HOROWITZ and MARK E. JOSEPHSON 


Programmed electrical stimulation studies in 529 patients with supraventricular and ventricular tachyarrhythmias 
demonstrate that ventricular tachycardia resembling the clinical variety can be induced in the laboratory in al- 
most all patients with sustained ventricular tachycardia clinically, in the majority of those with symptomatic non- 
sustained ventricular tachycardia clinically, and only rarely in patients with no previously documented ventricular 
tachycardia. Induction of ventricular tachycardia implies the likelihood of spontaneous episodes of this arrhyth- 
mia. Patients with spontaneous nonsustained ventricular tachycardia constituted a more heterogeneous group 
than those with sustained ventricular tachycardia. These patients also had a large incidence of chronic coronary 
artery disease and, in particular, of left ventricular aneurysms. Electrophysiologic testing provides useful data 
on which to base therapy in certain symptomatic patients, particularly those with torsade de pointes or exercise- 
induced ventricular tachycardia. 


732 Atrial Flutter. |. Electrophysiologic Substrates and Modes of Initiation and Termination 
RITA M. WATSON and MARK E. JOSEPHSON 


Data on the results of programmed atrial stimulation and atrial endocardial mapping in 41 of 525 consecutively 
studied patients with documented spontaneous atrial flutter or fibrillation (or both) or paroxysmal palpitations 
without documentation of the cause lead these investigators to postulate that atrial flutter and fibrillation induced 
by programmed stimulation are due to reentry. Atrial flutter and fibrillation can best be understood in terms of a 
unified concept of intraatrial reentry based on functional and anatomic properties. Atrial flutter was induced by 
one or two atrial extrastimuli in 31 patients. Stimulation from the high right atrium was more successful than that 
from the coronary sinus. Failure to terminate flutter by rapid pacing was associated with local areas of atrial fi- 
brillation in one or more intracardiac leads. 


742 Treadmill Exercise Testing in the Wolff-Parkinson-White Syndrome 


BORIS STRASBERG, WILLIAM W. ASHLEY, CHRISTOPHER R. C. WYNDHAM, ROBERT A. 
BAUERNFEIND, STEVEN P. SWIRYN, RAMESH C. DHINGRA and KENNETH M. ROSEN 


Graded treadmill exercise testing performed in 54 patients with the Wolff-Parkinson-White syndrome and preex- 
citation did not provoke paroxysmal supraventricular tachycardia or atrial fibrillation and was not useful as a pro- 
vocative test for arrhythmia. Such testing frequently produces partial or total normalization of the QRS complex 
due to enhanced A-V nodal conduction and, less commonly, total normalization due to rate-dependent block of 
the anomalous pathway. Changes in the QRS complex occurred with exercise in 34 of 36 patients with manifest 
preexcitation (94 percent) and false positive ST-T changes suggesting ischemia occurred in all. Treadmill testing 
does appear to be of some value in detecting patients with relatively long refractory periods of the anomalous 
pathway, thus delineating a group of patients who would have slow ventricular rates if paroxysmal atrial fibrilla- 
tion were to develop. 


749 Effect of Age on Atrioventricular Conduction in Patients With Chronic Bifascicular Block 


RAMESH C. DHINGRA, CHRISTOPHER WYNDHAM, PRAKASH C. DEEDWANIA, ROBERT 
BAUERNFEIND, STEVEN SWIRYN, DAVID BEST and KENNETH M. ROSEN 


In this electrophysiologic study of 531 patients with atrioventricular (A-V) conduction the severity and progres- 
sion of conduction disease were independent of advanced age except for the A-H interval in the group with or- 
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antihypertensive thinking 


Today antihypertensive therapy has 
gone beyond the empirical addition of one 
drug to another. Today’ clinician looks for 
agents that coordinate their action for 
smoother, more effective control. 

A prime example is increasing use 
of the Apresoline/beta-blocker/diuretic 
regimen in moderate-to-severe hyperten- 
sion. Beta blockers, though effective and 
generally well tolerated, do not lower the 
high peripheral resistance found in 
virtually all long-standing hypertension. 
As a vasodilator, Apresoline deals directly 
with the problem. It can decrease total 
peripheral resistance by more than 60%. 

Beta blockers, on the other hand, 
specifically reduce cardiac output, which 
tends to rise through reflex action with 
Apresoline therapy, while diuretics 
counteract the retention of sodium and 
extracellular fluid. 


After a diuretic... 






An impressive 
therapeutic performance... 


Harmonizing with the 
antihypertensive life-style 


The Apresoline/beta-blocker/diuretic 
regimen is relatively free of serious side- 
effect problems that interfere with daily 
living. 

As the only therapeutic action of 
Apresoline is its direct arteriolar vasodi- 
lator effect, it avoids many distressing side 
effects. Sexual dysfunction, drowsiness, 
lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 
These side effects are usually also avoided 
with a beta blocker. 

Accompanying a fall in blood 
pressure from Apresoline is an increase in 
cardiac rate and output. Apresoline also 
maintains or increases renal and cerebral 
blood flow. As with any antihypertensive 
agent, use with caution in patients with 
advanced renal damage. Contraindicated 
in coronary artery disease. 
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Apresoline® hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 
INDICATIONS 
Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 
Hypersensitivity to hydralazine: coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 
WARNINGS 
Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
. when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 
Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 
A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 
Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 
When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
antly. 







Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit Clearly justifies 
the potential risk to the fetus. 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The "hyperdynamic" circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop. 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 

The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthma) 
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in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity, 
ADVERSE REACTIONS 
Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
dme cases it may be necessary to discontinue the 
rug. 
Common: Headache; palpitations; anorexia: 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris. 
Less frequent: Nasal congestion: flushing; lacrima- 
tion; conjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema; 
dizziness; tremors; muscle cramps; psychotic reac- 
tions characterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea; paralytic ileus; 
lymphadenopathy; splenomegaly; blood dys- 
crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response. 
DOSAGE AND ADMINISTRATION 
Initiate therapy in gradually increasing dosages; 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 
The incidence of toxic reactions, particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline. 
In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 
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Only ICR does it. 


Only the ICR 6201C-2b Holter system, 
featuring the Automatic Trend System (ATS) 
report, actually analyzes 24 hours of your 
patient's cardiac information and presents it 
on a single sheet of paper. 

This is not just a summary, but a superior 
analysis of cardiac information. 

As innovative and practical as the ATS 
report is, it's only one of many unique ICR 
automatic data processing capabilities that 
have revolutionized Holter technology. 

A special “Spotcheck” function allows you 
to preview the ATS report on the scanner 
display screen. And because of the recorded 
timing track, all data on the strip chart, the 
Spotcheck, or the ATS report can be 
correlated to a specific point on the ECG 
recording. 

In addition, your operator can double- 
check all "Eve d The "transparency" 
of the ICR 6201C-2b permits your operator to 
see directly on the scanner screen the effect 
of selected criteria on the ECG; e.g., how a 
“normal” or "abnormal" ECG complex is 
determined, or how the J-point is set, and, in 


^A mile of ECG ‘ata analyzed and recorded on this: 


turn, how this affects S-T segment analysis. 

The practicality of the ICR Holter system 
as an investment is insured by its micro- 
processor technology, which permits simple 
in-the-field upgrading of its functions as new 
capabilities are developed. 

Ease of maintenance is guaranteed by the 
exclusive "Auto-Internal Diagnosi” (AIDs) 
feature which automatically verifies the 

roper functioning of the entire system and 
its “plug-in” accessories. And our vast 
network of factory-trained personnel is 
second to none. 

Any Holter system is only as practical as 
the information it provides. And ICR has 
developed the most useful information- 
processing Holter system to date. 


For information on the wide range of 
compact, flexible ICR Holter systems and for 
a free copy of our illustrated Holter Recorder 
Hook-up poster, call toll free 1-800-448-1675. 
In New York, call collect, (315) 437-7291. 

Or write us: 6057 Corporate Drive, 
E. Syracuse, N.Y. 13057 


When Your Patients Depend on You, Depend on Our Technology. 
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ganic heart disease. The risk of spontaneous A-V block and sudden death was identical in younger and older 
groups. Trifascicular disease (as suggested by H-V prolongation) had a similar incidence in young and old 
groups. In general, older patients with bifascicular block and organic heart disease had a greater incidence of 
arteriosclerotic heart disease, a longer A-H interval, a longer A-V nodal effective refractory period and greater 
total cumulative mortality. Age should play a relatively small role in determining who should or should not have 
permanent pacing. 


757 Occurrence and Significance of Coagulative Myocytolysis in the Specialized Conduction System: 
Clinicopathologic Observations 


LINO ROSSI 


This study of coagulative myocytolysis of specialized conduction tissue in 18 hearts provides histocytologic evi- 
dence that the condition may occur as an acute manifestation of anoxic-ischemic heart disease and may be re- 
lated to disturbances in impulse formation and conduction leading to life-threatening cardiac arrhythmias. Spe- 
cialized tissue seemed to withstand myocytolytic damage (or any ischemic-anoxic injury) better than ordinary 
myocardium. Evidence of coagulative myocytolysis of specialized conduction tissue was found in five cases and 
was consistently associated with involvement of ordinary myocardium. 


762  S-T Segment Elevation During Exercise: Electrocardiographic and Arteriographic Correlation in 31 
Patients 


SUPOTE SRIWATTANAKOMEN, ANDRES R. TICZON, STEPHEN A. ZUBRITZKY, CHARLES G. 
BLOBNER, MARC RICE, FREDERICK C. DUFFY and EILEEN F. LANNA 


Ischemia and ventricular aneurysm additively, and in some cases independently, may give rise to S-T elevation 
during and after exercise. This attempt to elucidate the underlying primary factor responsible for such S-T seg- 
ment elevation during and after exercise in 38 patients concludes that such elevations during exercise in the ab- 
sence of a pattern of previous myocardial infarction in the rising electrocardiogram indicate significant proximal 
coronary artery disease without ventricular aneurysm. In the presence of such a myocardial infarction pattern, 
they indicate both ventricular aneurysm and significant proximal coronary artery disease. The sites of S-T seg- 
ment elevation accurately identify the location of ventricular aneurysm and the compatible diseased vessels. 
Ischemia and abnormal wall motion may independently or additively underlie the mechanism for S-T segment 
elevation during exercise. S-T segment elevation of more than 3 mm during or after exercise suggested the 
presence of multiple vessel involvement with or without previous myocardial infarction. 


EXPERIMENTAL STUDIES 


769 Myocardial Infarction in the Dog: Effects of Intravenous Propranolol 
KIM FOX, ELIZABETH WELMAN and ANDREW SELWYN 


Propranolol given shortly after the onset of experimentally produced acute myocardial infarction in open chest 
anesthetized dogs significantly improved regional myocardial perfusion to the affected segment, decreased loss 
of electrically active myocardium and delayed the local release of creatine kinase activity. In this study propran- 
olol gradually increased myocardial perfusion to the ischemic area rather than rapidly increasing it, suggesting 
it improved myocardial perfusion by reducing heart work and thereby myocardial oxygen consumption in both 
ischemic and nonischemic areas. These results cannot be directly extrapolated to human beings. Additional 
studies are in order to determine if similar beneficial effects can be achieved in patients, especially when pro- 
pranolol is administered 2, 4 or 8 hours after the onset of the myocardial infarction. 


METHODS 


'75 Method for Recording Electrical Activity of the Sinoatrial Node and Automatic Atrial Foci During 
Cardiac Catheterization in Human Subjects 


ROBERT J. HARIMAN, EHUD KRONGRAD, ROBERT A. BOXER, MELVIN B. WEISS, CARL N. STEEG 
and BRIAN F. HOFFMAN 


Using a percutaneous electrode catheter to record electrical activity of the sinoatrial (S-A) node and automatic 
atrial foci in human subjects during cardiac catheterization these investigators found negatively directed diastol- 


* continued on page A22 
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dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 
Indications: Based on a review of this drug by The 
National Academy of Sciences — National Re: 
search Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: The chewable dosage form 
of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 


















Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur. 
Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 


severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack 
CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary. following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours 


STUART PHARMACEUTICALS 
Division of ICI Americas Inc. 
Wilmington. DE 19897 
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m Abbokinase is not a foreign protein 
m Abbokinase is non-antigenic 
m Induced antibody formation is not seen in intradermal tests 


m Since patient is not sensitized by Abbokinase, therapy can be 
repeated whenever necessary 


m Urokinase neutralizing antibodies are not formed so resistance 
is not a factor 


m Course of therapy is 12 hours and no dosage adjustment 
necessary 


Abbokinase — the direct action thrombolytic agent for the 
management of acute massive pulmonary embolism 
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throughout the country. For the name of the hospital nearest to you, please write 


Abbott Laboratories, Dept. 517, North Chicago, Illinois 60064. 
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ABBOKINASE (urokinase for injection) should only be used by physicians with wide experience in the 
management of thrombotic disease in hospitals where the recommended clinical and laboratory 
UM (see WARNINGS, PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 
ormed. 

When considering treatment with urokinase, the physician should carefully assess the overall 


. Clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
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altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
coagulant therapy. When bleeding occurs it is also more severe and more difficult to manage. The po- 
tential risk of serious hemorrhage relative to such factors as age. physical condition, and underlying 
bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 
weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 
Pulmonary Embolism 


ABBOKINASE (urokinase for injection) is indicated in adults: 
for the lysis of acute massive pulmonary emboli, defined as obstruction or significant filling 
defects involving two or more lobar pulmonary arteries or an equivalent amount of emboli in 
other vessels.® 
for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., failure to main- 
lain blood pressure without supportive measures. 


The diagnosis should be confirmed by objective means, preferably pulmonary arteriography. 


Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
lism, and no later than five days after onset. Under these circumstances, angiographic and 


. hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours of 


therapy than with heparin therapy (Table 1).7-9 However, it has not been established that treatment 


with urokinase decreases morbidity or mortality, when compared to heparin therapy alone. 





TABLE | 
UPET” USPET* * 
12-Hour 12-Hour 24-Hour 
Heparin Urokinase Urokinase Urokinase 
Change in angiographic 0.54 1.78 1.66 1.76 
. Severity score based 
on 4-point system 
Decrease in relative 8.3 24.1 20 29.2 
percentage perfusion 
defect on lung scans 
Change in pulmonary —1.1 —6.2 —7.28 —1.53 
artery pressure 
(mm Hg) 
Change in cardiac —0.05 +0.02 +0.06 +0.30 


index (I/min/m?) 





*Urokinase pulmonary embolism trial. 
* *Urokinase-streptokinase pulmonary embolism trial. 


Evaluations were obtained between 18 and 30 hours after the start of therapy. After several days, 
there were no differences between the results in the heparin treated patients and those receiving 
urokinase. 


CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 

is contraindicated in the following situations: 
1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or paracen- 
tesis, extensive or multiple cutdowns should be considered surgical procedures. 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days of the post-partum period. 

. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 
tial for bleeding) of the gastrointestinal or genitourinary tract. 

. Severe hypertension. 

. Acute or chronic hepatic or renal insufficiency. 

. Uncontrolled hypocoagulable state, including one that may be caused by a coagulation factor 
donner thrombocytopenia, spontaneous fibrinolysis, or another purpuric or hemorrhagic 

sorder. 
11, Chronic lung disease with cavitation, e.g., tuberculosis. 
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. 12. Subacute bacterial endocarditis or rheumatic valvular disease. 


13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
cated for at least two months after cerebral embolism, thrombosis or hemorrhage because pa- 
tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. 

14. Any other condition in which bleeding might constitute a significant hazard or be particularly 
difficult to manage because of its location. 

The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 

of hemorrhage must be weighed carefully against the anticipated benefits of urokinase therapy in 

an individual patient and the benefits and risks associated with the use of urokinase should be 
compared to the benefits and risks associated with other forms of therapy. 


WARNINGS 
Bleeding 


Activation of the fibrinolytic system with urokinase results in a more profound altera- 
tion of the hemostatic status of the patient than does anticoagulant therapy with 
heparin or coumarin agents. The aim of urokinase therapy is the production of sufti- 
cient amounts of plasmin for the lysis of intravascular deposits of fibrin; however, 
fibrin deposits which provide hemostasis, for example, at sites of needie punctures, 
are also destined for lysis, and bleeding from such sites may occur. The possibility of 
bruising or hematoma formation, especially with intramuscular injections, is high dur- 
ing thrombolytic therapy. Unnecessary handling of the patient should be avoided. 
Strict attention should be given to this section and the CONTRAINDICA TIONS sec- 
tion in order to minimize the risk of bleeding. 

Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
ing urokinase therapy, as with heparin therapy. Bleeding at sites of recent invasive procedures 
may occur. Hence, arterial invasive procedures must also be avoided before and during treatment 
with urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 
avoided aad the radial or brachial artery used. It should be done carefully by a physician ex- 
perienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 
dressing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- 
punctures should be performed as carefully and infrequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be continued with appropriate clinical observation. 


* 
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Local measures, i.e., pressure, should be initiated immediately. 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
e.g., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. 

In addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIII, and 
other proteins. The products of plasmin degradation of fibrinogen and fibrin (FDP/fdp) possess an 
anticoagulant effect. Bleeding may be difficult to control because of this anticoagulant effect. 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 


Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 
possible risk of cerebral embolism may be hazardous because of the risk of bleeding into the in- 
farcted area. 


Use of Anticoagulants 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects of heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of /ess than twice the normal 
control value is adequate for starting urokinase infusions safely. Similarly, heparin should not be 
Started following urokinase therapy until the thrombin time has returned to /ess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. In order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). 


Use in Pregnancy 
See CONTRAINDICATIONS. 


Use in Children 
Safety and effectiveness of urokinase therapy in children have not been established: therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 
Drug Interactions 


Concurrent use of drugs that may alter platelet function, e.g., aspirin, indomethacin, and 
phenylbutazone, should be avoided. The interaction of ABBOKINASE (urokinase for injection) with 
other drugs has not been studied. 


Laboratory Monitoring 

In patients who have received heparin, the thrombin time should be measured prior to starting 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored following urokinase 
therapy prior to instituting heparin. See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Factor V, and Factor VIII are usually substan- 
tially diminished. Concomitantly, the level of fibrin(ogen) degradation products (FDP/fdp) is in- 
creased. The combination of reduced fibrinogen and increased FDP/fdp results in a prolongation of 
the thrombin time. While changes in any of these parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management 


Strict observance of the contraindications, warnings, and precautions to the use of urokinase is es- 
sential to minimize the incidence and severity of adverse effects. 


BLEEDING 
Incidence 


Where thrombolytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood) was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokinase therapy. 

Less severe spontaneous bleeding has been observed during urokinase treatment at approx- 
imately twice the frequency as that occurring during heparin therapy. Oozing of blood from sites of 
percutaneous trauma is frequent; hence, all invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one out of five patients treated with urokinase. 


Management of Severe Bleeding 

In case of serious bleeding, urokinase therapy must be discontinued. If blood loss has been large, 
packed red cells are indicated. Plasma volume expanders (other than Dextran) are indicated to 
replace blood volume deficit. If only whole blood is available, it may also be used. Although the use 
of aminocaproic acid (ACA, AMICAR®) in humans as an antidote for urokinase has not been docu- 
oaen R may be considered if the hemorrhage is unresponsive to blood replacement. (See 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and in vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
serious allergic reactions (including anaphylaxis) occurring with its use cannot be excluded. 
Relatively mild allergic reactions, e.g., bronchospasm and skin rash, were feported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alleviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION 
Dosing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY. 

A priming dose of 2,000 I.U./Ib (4,400 I.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mal Saline admixture over a period of ten minutes. This is followed by a continuous infusion of 
2,000 I.U./Ib/hr (4,400 I.U./kg/hr) of ABBOKINASE (given as the Abbokinase-Normal Saline ad- 
mixture) for 12 hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump that is 
capable of delivering a total volume of 195 ml. 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 
recommended. Heparin treatment should not begin until the thrombin time has decreased to /ess 
than twice the normal control value. See manufacturer's prescribing information for proper use of 
heparin. 
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VOLUME II 


Clinical Pharmacology and Use of 
Selected Cardiac Drugs 


edited by RALPH C. SCOTT, M.D. 
512 pages, 5 tables, 22 illustrations, 1980 $39.50 


Clinical Cardiology and Diabetes brings together 
the many facets of heart disease and diabetes mel- 
litus and emphasizes their relationship. Clinical 
Pharmacology and Use of Selected Cardiac Drugs, 
the volume on cardiac drugs is actually a textbook 
of cardiac pharmacology. It includes the very latest 
information (clinical pharmacology, hemodynam- 
ics, indications, clinical use, adverse effects, 
methods of administration) of a wide variety of car- 
diovascular agents. It gives considerably more 
detail than most standard textbooks of cardiology. 
It brings together in one source pertinent informa- 
tion from the current cardiac and pharmacologic 
literature. 


With Contributions By: 


J.E. Doherty, K. Engelman, G.D. Gentzkow, G. 
Glick, L.R. Levine, J. Puschett, M. Real, R.C. 
Scott, W.S. Smith 
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Nuclear Cardiology for Clinicians 


edited by JAGMEET S. SOIN, M.D. 
HAROLD L. BROOKS, M.D. 
320 pages, 123 illustrations, 1980 $34.50 


Nuclear Cardiology for Clinicians was written 
primarily to make the complex and rapidly expand- 
ing field of noninvasive Nuclear Cardiology under- 
standable to practicing internists, cardiologists and 
radiologists who are involved in the practice of 
nuclear medicine in a community hospital. 


With Contributions By: 


M. Ahmad, P.O. Alderson, V.S. Bamrah, J. Bingham, 
F.J]. Bonte, T.J. Brady, L.M. Buja, H.L. Brooks, J.E. 
Carey, M.A. Davis, R. Gorlin, C.M. Gross, T.E. Guiney, 
R.E. Henkin, B.L. Holman, M.H. Keelan, Jr., S.E. Lewis, 
R.P. Martin, K.A. McKusick, R.W. Parkey, B. Pitt, 
G.M. Pohost, M.E. Siegel, J.S. Soin, C.A. Stewart, H.W. 
Strauss, J.H. Thrall, D.D. Tresch, R.C. Verma, H.N. 
Wagner, Jr., L.S. Wann, J.T. Willerson. 


Etiology and Morphogenesis of 
Congenital Heart Disease 


edited by RICHARD VAN PRAAGH, M.D. 
ATSUYOSHI TAKAO, M.D. 
550 pages, 254 illustrations, 1980 $47.50 


This book deals with genetics, genetic counseling, 
chromosomal abnormalities, normal embryology, 
experimental teratology, and clinical-pathological- 
embryological correlations that are essential to the 
understanding, diagnosis and management of con- 
genital heart disease. 


With Contributions By: 


N. Akimoto, R.H. Anderson, M. Ando, I. Asami, A.E. 
Becker, K. Bossina, H.J. Bruyere, Jr., H.J. Busch, K. Cho, 
B.A. Dahl, K.E. Fellows, E.F. Gilbert, T. Gotoh, N. 
Hidaka, R. Hirakow, E. Ho, S. Ishikawa, T. Kawamura, 
E.W. Keck, A. Kinouchi, R.R. Kulikowski, Y. Kuroki, 
J.W. Lacktis, M. LaCorte, W.M. Layton, Jr., F.]; 
Manasek, I. Matsui, N. Matsuo, R. Matsuoka, Y, 
Murakami, M. Naganuma, A. Nakamura, J.J. Nora, R. 
Okada, N. Okamoto, D.F. Patterson, T. Pexieder, G. 
Satomi, Y. Satow, Y. Shimada, A. Takao, L.H.S. Van 
Mierop, R. Van Praagh, S. Van Praagh, P.M. Weinberg, 
J.L. Wilkinson, J.R. Wise, Y. Yamamoto 





Ld . e Lu 
futura publishing company, inc. | $ 295 Main Street, P.O. Box 330, Mount Kisco, NY 10549 


Please send: 
O Clinical Cardiology and Diabetes— Vol. Il 


Clincal Pharmacology and Use of Selected Cardiac Drugs 


O Nuclear Cardiology for Clinicians 


O Etiology and Morphogenesis of Congenital Heart Disease 


Futura Publishing will pay all shipping charges 
when payment accompanies order. 


New York State Sales Tax must be added where applicable 


Name 
Address d 
City, State, Zip 


Check Enclosed O Please bill me O 
Please charge to VISA O Mastercharge O 


No. Expiration Date 
Signature 














CONTENTS Y 


ic and upstroke slopes preceding the P wave of the electrocardiogram and sinoatrial conduction times of 34.9 
+ 2.1 ms for a sinus cycle length of 736.4 + 38.6 ms. These electrograms were similar to those obtained previ- 
ously from the dog and rabbit. S-A nodal electrograms could be recorded only from a very restricted area close 
to the superior vena caval-right atrial junction, which is precisely the location of the S-A node. This method 
showed a 50 percent success rate in recording good quality S-A nodal electrograms. It was also possible to rec- 
ord a diastolic slope from an automatic atrial focus located outside the S-A node during the cardiac catheteriza- 
tion. 


782  Noninvasive Quantification of Left Ventricular Wall Stress: Validation of Method and Application to 
Assessment of Chronic Pressure Overload 


MIGUEL A. QUINONES, DAVID M. MOKOTOFF, SORAYA NOURI, WILLIAM L. WINTERS, Jr. and 
RICHARD R. MILLER 


These studies during cardiac catheterization in 25 patients with a variety of valve and myocardial diseases con- 
firm that accurate estimates of peak circumferential left ventricular wall stress may be derived noninvasively by 
combining systolic arterial pressure with echocardiographic measurements of left ventricular cavity radius 
(taken as half of the echographic left ventricular diameter) and wall thickness. These stress indexes may be used 
as stress constants to estimate left ventricular peak pressure in patients with chronic pressure overload, thereby 
allowing noninvasive approximation of aorta valve gradients in aortic stenosis. This simple and accurate method 
may have important clinical applications in determining the chronicity and severity of systemic hypertension and 
in evaluating the course of left ventricular compensation in patients with chronic volume overload. 


791 "Harvey," the Cardiology Patient Simulator: Pilot Studies on Teaching Effectiveness 


| MICHAEL S. GORDON, GORDON A. EWY, ANTONIO C. DeLEON, Jr., ROBERT A. WAUGH, JOEL M. 
FELNER, ALAN D. FORKER, IRA H. GESSNER, JOAN W. MAYER and DARRELL PATTERSON 


This paper reports on the progress and effectiveness of "Harvey" as a cardiology patient simulator in academic 
education circles. Harvey is now capable of faithfully reproducing the blood pressure, jugular venous pulsations, 
carotid and peripheral arterial pulsations, precordial impulses and auscultatory events of almost all cardiac dis- 
eases. Data from 770 students and physicians acquainted with Harvey indicate their acceptance of the cardiolo- 
gy patient simulator. As a matter of fact, many undergraduate and graduate physicians prefer him to a live patient 
because of his technical reliability and availability. With the accompanying self-instructional programs now 
available, Harvey should maximize the efficiency of cardiologists' teaching and students' learning efforts. 


PEDIATRIC CARDIOLOGY 


797  Clinicopathologic Study of Abnormal Q Waves in Kawasaki Disease (Mucocutaneous Lymph Node 
Syndrome): An Infantile Cardiac Disease With Myocarditis and Myocardial Infarction 


HISAYOSHI FUJIWARA, CHENG-HSIUNG CHEN, TAKAKO FUJIWARA, KENYA NISHIOKA, CHUICHI 
KAWAI and YOSHIHIRO HAMASHIMA 


Gross pathologic studies of the heart in 15 children with Kawasaki disease reveal acute angiitis with pericarditis, 
acute myocarditis and coronary heart disease as a result of angiitis. The typical cause of sizable myocardial ne- 
crosis and fibrosis in the heart with coronary aneurysm is myocardial infarction due to coronary stenosis and 
thrombosis. Abnormal Q waves in the electrocardiograms of these children almost always reflected myocardial 
damage in over 30 percent of the wall thickness of the left ventricle. Although electrocardiograms are useful to 
determine the anterior or posterior localization of the damage, the absence of abnormal Q waves does not ex- 
clude transmural and nontransmural areas of damage. The most recent treatment of this disease is the use of as- 
pirin since the incidence of coronary aneurysm is less in patients treated with aspirin then in those receiving ste- 
roids. Some deaths may be due to arrhythmias caused by severe myocarditis in the atrioventricular conduction 
system. 


806 Ventricular Volume Characteristics of Single Ventricle Before Corrective Surgery 


YASUHISA SHIMAZAKI, YASUNARU KAWASHIMA, TOHRU MORI, SOICHIRO KITAMURA, HIKARU 
MATSUDA and KANJI YOKOTA 


i Ventricular cavity volume measured in 17 patients with single ventricle before total correction ranged from 7 1 
to 206 percent (average 110 percent) of the sum of the normal left and right ventricular end-diastolic volumes. 
Ejection fraction averaged 0.55. Atrioventricular (A-V) valve regurgitation also increased ventricular cavity vol- 
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cardiogram. It's the new EK-8, Burdick’s first fully automatic single-channel 
electrocardiograpn. 
Combined with its new and unique mounting system, the EK-8 assures 
. higher ECG productivity, substantial savings of time for operator and staff, 
and important savings on ECG paper. 
- Each lead is recorded in proper sequence — with lead lengths and 
lead switching on every lead automatically controlled. With proper technic 
*y~ there is no stopping to move the chest lead. fewer overruns, less waste, 
. more ECG’'s per roll. That means additional savings. 
Important savings of technician and staff time are possible with the 
EK-8's unique mounting system. Leads are automatically identified, and 
the.complete 12-lead tracing is ready for mounting on Burdick self-adhesive 
card or folder formats. ready for filing. In the folder-mode, with longer 
leads for additional data, the complete ECG is recorded in 47.1 seconds. 


Manual override provides full choice of lead lengths if desired. Y BURDI CK 


. The new. faster Burdick EK-8. Because time is your valuable asset for Y 
s. .better patient service. For more information, or a demonstration, call us | E | d 
toll-free at 800-356-0701. In Wisconsin call 608-868-7631. O 
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Burdick card and folder-format mounts — 
fast, efficient way to mount and file ECGs. 
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Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 


* Consult the package literature for prescrib- 


ing information. 


Indications and Usage: Dobutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. /ncrecse in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies nave 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity—Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 596 Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
40 mi of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drug Delivery  . ———— ——— —————— 
Rate 250 mcg/ml* 500 mcg/mit 1000 mcg/mlt 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.6 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
4.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
$1000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 
Litty the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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omovision C 
New Dimension in 
Nuclear Imaging. 


Tomovision. As dramatic an 
advance over current nuclear 
tomography as tomograpny 
was over planar imaging. 
Large organ and area studies 
are now possible. And 
Tomovision gives you clearer 
images with more detail, 
fewer artifacts, and better 
contrast. How does it 
work? [he real secret 
is in our collimators 
and programming. 

To complement 
the 7 pinhole 
collimator, we "m 
designed a m 


"ln 


revolutionary Rotating Slant 
Hole Collimator. It works on 
Technicare’s small field and 
large field gamma cameras. 
And gives you a field of view 
equal to the diameter of the 
collimator, beginning at the 
face of the @ camera. 


So you can see more than 
ever before. And more clearly 
than ever before. 

So the role of nuclear medi- 
cine in research and diagnosis 
has suddenly expanded. Be- 
cause tomography is ready to 
augment the classic diagnostic 
procedures. Ready to become 
a routine diagnostic tool. 

All Tomovision equipment 
is manufactured by the 
Technicare Corporation. So 
we take care of it all. And 
we're building our one source 
reputation with a commitment 
to excellence. Excellence in 
training of our field service 
engineers. Excellence in pro- 
viding prompt, local service 
throughout the nation. 
Tomovision is your assurance 
that nuclear tomography will 
deliver consistent, reliable 
performance for improved 
clinical confidence. 


TECHNICARE 


Technicare Corporation 
29100 Aurora Road 
Solon, Ohio 44139 
(216) 248-1800 
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ume but depressed ventricular function. However, the major factor affecting ventricular cavity volume in these 
patients was the pulmonary blood flow. These data suggest that a systemic to pulmonary arterial shunt should 
increase the ventricular cavity volume. No differences were detected in ventricular volume characteristics be- 
tween the single left and the single right ventricle. For total correction (ventricular septation) the most feasible 
approach is to enlarge the ventricular cavity volume by making a systemic to pulmonary shunt to the extent that 
there is A-V regurgitation. 


- 811 Aberrant Left Subclavian Artery in Tetralogy of Allot 


GUILLERMO VELASQUEZ, PISUPATI H. NATH, WILFRIDO R. CASTANEDA-ZUNIGA, KURT AMPLATZ 
and AUGUSTIN FORMANEK 


In all eight patients with tetralogy of Fallot and aberrant left subclavian artery in this series, the left subclavian 
artery arose directly from the distal aortic arch; in contrast, normal persons with right aortic arch and aberrant 
left subclavian artery usually have an aortic diverticulum from which the left subclavian artery and the left ductus 
arteriosus originate. These differences are attributed to embryologic differences. In tetralogy of Fallot the flow 
through the ductus arteriosus is diminished or a ductus arteriosus does not develop. Consequently the left dorsal 
aortic root regresses completely or remains small and there is thus no diverticulum-like origin of the aberrant left 
subclavian artery. Diagnostically, patients with a right aortic arch and a large transverse posterior indentation 
of the esophagus are unlikely to have associated congenital heart defects whereas those with a right aortic arch 
and only a very shallow and usually obliquely running indentation on the esophagus are more likely to have a con- 
genital heart defect of the tetralogy of Fallot type. 
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. 819  Unstable Angina Pectoris: National Cooperative Study Group To Compare Surgical and Medical 
Therapy. Ill. Results in Patients With S-T Segment Elevation During Pain 


NATIONAL COOPERATIVE STUDY GROUP 


This randomized study of 79 patients with a 70 percent or greater fixed obstruction in one or more coronary 
arteries and episodes of pain at rest associated with transient S-T segment elevation concludes that these 
subjects do not differ significantly from similar patients with transient S-T segment depression or T wave inver- 
sion. They can be managed with a maximal medical program including administration of propranolol and long- 
acting nitrates with good control of pain and no increase in rate of early mortality or myocardial infarction. The 
overall in-hospital and late mortality rate was 7 percent for the medical and 16 percent for the surgical group at 
a mean follow-up time of 42 months (difference not statistically significant). Elective surgery can be performed 
later with a lower risk and good clinical results if intensive medical therapy fails to control the angina. 


REPORTS ON THERAPY 


825 Treatment of Angina at Rest With Nifedipine: A Short-Term Controlled Study 


MARIO PREVITALI, JORGE A. SALERNO, LUIGI TAVAZZI, MARIA RAY, ANTONIO MEDICI, MARCELLO 
CHIMIENTI, GIUSEPPE SPECCHIA and PIERO BOBBA 


Nifedipine significantly reduced the mean daily number of anginal episodes at rest compared with the response 
to placebo in 14 patients with frequent ischemic episodes associated with S-T segment elevation or depression. 
Nifedipine's effectiveness in relieving angina at rest caused by coronary arterial spasm appears related to its 
ability to decrease calcium-dependent coronary muscle tone and thereby to prevent coronary spasm. Some pa- 
tients treated with 10 mg of nifedipine every 6 hours experienced ischemic episodes between the 4th and the 
6th hours of the administration but were completely protected by 10 or 20 mg every 4 hours. During the drug trial 
two patients complained of headache and transient dizziness. 


831 Effect of Nitrates on Left Ventricular Size and Function During Exercise: 
Comparison of Sublingual Nitroglycerin and Nitroglycerin Paste 


ROBERT SLUTSKY, ALEXANDER BATTLER, KENNETH GERBER, DONALD GORDON, VICTOR 
FROELICHER, JOEL KARLINER and WILLIAM ASHBURN 


: Studying 36 persons with equilibrium radionuclide angiography and supine bicycle exercise to determine left 
ventricular volume and function after the application of nitroglycerin paste or ingestion of sublingual nitroglycer- 
in, these investigators found that both forms of the drug improved left ventricular function during exercise. How- 


* continued on page A34 
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CORGARD ‘(nadolol tablets) 
THE FIRST BETA-BLOCKER WITH 
ONCE-A-DAY DOSAGE 
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CORGARD: OFTEN EFFECTIVE WITHOUT 
A DIURETIC tn 114 hypertensive patients, Corgard, 


given once a day (without a diuretic), produced significant 
overall reduction in blood pressure in 94% of the patients— 
this included 63% of the patients who achieved normalized 
supine diastolic pressures (<= 90 mm Hg). 


CORGARD: THE 
METABOLIC PROFILE 
MAKES SENSE 


Corgard is not metabolized by the 
liver and is excreted unchanged. 


CORGARD: THE LOW 
INCIDENCE OF SIDE 
EFFECTS MAKES 
SENSE Corgard usually does 


not cause impotence or loss of 
libido. Orthostatic hypotension 1s 
rarely a problem. Pharmacologic 
heart rate reduction may occur, 
but is rarely symptomatic. For a 
full discussion of Contraindica- 
tions, Precautions, Adverse Reac- 
tions, and Warnings, including 
avoidance of abrupt withdrawal 
see brief summary of prescribing information on next page 
of this advertisement. 


CORGARD: THE CONVENIENCE OF 
ONCE-A-DAY DOSAGE MAKES SENSE 


Corgard, once a day, provides 24-hour reduction of blood 
pressure. And once-a-day dosage makes it much easier for 
your patients to comply. 


THE COMMON-SENSE BETA-BLOCKER 


Please see brief summary of prescribing information on 
next page of this advertisement. 
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CORGARD® TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic 
receptor blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater 
than first degree conduction block, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 

WARNINGS: Cardiac Failure — Sympathetic stimulation may be a vital 
component supporting circulatory function in congestive heart failure, and its 
inhibition by beta-blockade may precipitate more severe failure. Although 
beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, 
continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give 
diuretics, and closely observe response, or discontinue nadolol (gradually if 
possible). 






Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, 
myocardial infarction have occurred after abrupt discontinuation of such 

| therapy. When discontinuing chronic use of nadolol, particularly in patients 
| with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at 
least temporarily) and take other measures appropriate for management of 
unstable angina if angina markedly worsens or acute coronary insufficiency 
develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy 
abruptly even in patients treated only for hypertension. 














Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA-BLOCKERS. Administer nadolol with caution since it 
may block bronchodilation produced by endogenous or exogenous 
catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to 
respond to reflex stimuli and may increase risks of general anesthesia and 
surgical procedures, resulting in protracted hypotension or low cardiac out- 
put, it has generally been suggested that such therapy should be withdrawn 
several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterenol, dopamine, dobutamine, or levartere- 
nol can reverse the effects of nadolol. Difficulty in restarting and maintaining 
the heart beat has also been reported with beta-adrenergic receptor blocking 
agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the 
appearance of premonitory signs and symptoms (e.g., tachycardia and blood 
pressure changes) of acute hypoglycemia. This is especially important with 
labile diabetics. Beta-blockade also reduces release of insulin in response to 
Dyperglycernia; therefore, it may be necessary to adjust dose of antidiabetic 

rugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs 
(e.g., tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta- 
adrenergic blockade which might precipitate a thyroid storm, carefully 
manage patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with 
caution in presence of either of these conditions (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients — Warn patients, especially those with evidence 
of coronary artery insufficiency, against interruption or discontinuation of 
nadolol without physician's advice. Although cardiac failure rarely occurs in 
property selected patients, advise patients being treated with beta-adrenergic 
Rocking agents to consult physician at first sign or symptom of impending 
ailure. 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may 








have an additive effect when given with beta-blocking agents. When treating 
patients with nadolol plus a catecholamine-depleting agent, carefully observe 
for evidence of hypotension and/or excessive bradycardia which may produce 
vertigo, syncope, or postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant 
toxic effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did 
not produce neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at 
doses 5 to 10 times greater (on a mg/kg basis) than maximum indicated human 
dose; no teratogenic potential was seen in any of these species. There are no 
well-controlled studies in pregnant women; therefore, use nadolol in pregnant 
women only if potential benefit justifies potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk, exercise caution when 


, nadolol is administered to a nursing woman. Animal studies showed that 


nadolol is found in the milk of lactating rats. 
Pediatric Use — Safety and effectiveness in children have not been establish: 


ADVERSE REACTIONS: Most adverse effects have been mild and transient 
and have rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats pér 
minute occurs commonly, and heart rates below 40 beats per minute and/or 
symptomatic bradycardia were seen in about 2 of 100 patients. Symptoms of 
peripheral vascular insufficiency, usually of the Raynaud type, have occurred 
in approximately 2 of 100 patients. Cardiac failure, hypotension, and * 
rhythm/conduction disturbances have each occurred in about 1 of 100 pa- 
tients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see 
also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). 

Central Nervous System — Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in 
approximately 6 of 1000 patients. 

Respiratory — Bronchospasm reported in approximately 1 of 1000 patients 
(see CONTRAINDICATIONS and WARNINGS). Gastrointestinal — 
Nausea, diarrhea, abdominal discomfort, constipation, vomiting, indigestion, 
anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 patients. 
Miscellaneous — Each of the following reported in 1 to 5 of 1000 patients: 
rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased 
libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness: 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not 
clear, sleep disturbances have been reported. The oculomucocutaneous syn- 
drome associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with 
other beta-adrenergic blocking agents have not been reported with nadolol, 
they should be considered potential adverse effects of nadolol. Central Ner- 
vous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by 
disorientation for time and place; short-term memory loss, emotional lability 
with slightly clouded sensorium; decreased performance on neuro- Y 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis: ischemic 
colitis. Hematologic — agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic — fever combined with aching and sore 
throat; laryngospasm; respiratory distress. Miscellaneous — reversible 
alopecia; Peyronie's disease; erythematous rash. 


OVERDOSAGE: Nadolol can be removed from the general circulation by 
hemodialysis. In addition to gastric lavage, employ the following measures as 
appropriate. In determining duration of corrective therapy, take note of long 
duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is 
no response to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been 
reported that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. 
(There is evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta, -stimulating agent and/or a 
theophylline derivative. : 

For full prescribing information, consult package insert. 


HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol per 
tablet in bottles of 100 and 1000. 


Reference: 1. Data on file, Squibb Institute for Medical — 
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PERFORMING STRESS TESTS? 
CONTROL THEM WITH COLLIN. 


Stress testing requires accurate control and monitoring 
of cardiac output. That means utilizing an exercise device 
which will maintain the subject’ s heart rate at a constant 
BPM by varying the work load. That means Pedalmate! 


The Pedalmate is an ergometer which offers two modes of 
operation. In the ‘Heart Rate Control Mode, the work load 
is automatically varied by means of a feedback control 
signal which is proportional to the difference between the 
subject's actual heart rate and a preset, selectable heart 
rate. The subject's actual heart rate is detected by a blood 
pressure wave transducer which attaches comfortably to 
the earlobe. The fine adjustment in work load makes it 
possible to exercise the subject at a preset heart rate level 


for a preselected time. 


When in the ‘Manual Mode,’ the Pedalmate presents the 
subject a constant load (manually variable) which re- 
mains constant independent of pedal rate. 


SPECIFICATIONS 


Heart Rate Control Accuracy: 
Heart Rate Accuracy: 

Watt Load Accuracy: 

Pedal Rate Accuracy: 

Heart Rate Range: 

Watt Load Range: 


Pedal rpm Range: 


Timer Range: 
Lamp Indicators: 


Meters: 


Other Controls: 


Output Signals: 


+5 BPM 

+2% of reading 

+5% of reading 

+2% of reading (0-120 rpm) 
40to 180 BPM 

25 to 200 watts 

(150 to 1200 KPM/min.) 
0-120 rpm (30-120 rpm 
constant work) 


0 to 30 minutes 


AC Power Lamp, Heart Beat 
LED, Heart Control Program 
Run Lamp 


Heart Rate (BPM), 
Pedal Rate (rpm), 
Work Load (watts) 


Mode Select Switch, 
Preset Heart Rate Dial, 
Manual Watt Load Control, 
Key Power Switch 


Heart Rate CAL Factor = 
1 BPM/50 mv. 
Watt Load CAL Factor = 
1 watt/50 mv. 


For additional information, write or call 
Warren E. Collins, Inc., 220 Wood Road 


Braintree, MA 02184 


Tel. (617) 843-0610 
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ever, the effect of paste on end-diastolic volume appeared sustained, whereas that of sublingual nitroglycerin 
was transient. The prolonged salutary effects of nitroglycerin ointment are due to its prolonged venous capaci- 
tance effect in comparison with that of the shorter-acting, sublingual nitroglycerin. It therefore appears appropri- 
ate to recommend a longer-acting nitrate preparation to the patient with exertional cardiac symptoms due to cor- 
onary heart disease when prophylactic therapy is considered unless the proposed exercise stress is very brief. 
These results confirm the hypothesis that reduction in end-diastolic volume and left ventricular wall tension is 
a major mechanism of nitrate action. 


841  Ineffectiveness of Sublingual Nitroglycerin in Acute Left Ventricular Failure in the Presence of 
Massive Peripheral Edema 


FABIO MAGRINI and ANDREAS P. NIARCHOS 


Sublingual nitroglycerin administered to 15 patients with acute left ventricular failure (eight patients without pe- 
ripheral edema and seven with massive peripheral edema) did not improve cardiac function in the patients with 
concomitant chronic massive peripheral edema. Through various mechanisms discussed in this report massive 
peripheral edema decreases venous compliance and prevents nitroglycerin from reducing preload. Venous re- 
sponsiveness to nitroglycerin was restored in five patients after diuretic drugs cleared the peripheral edema. In 
the patients responding to nitroglycerin there was a significant correlation between the control left ventricular 
filling pressure and the change in cardiac output induced by nitroglycerin. The greater increase in cardiac output 
occurred in the patients with a higher initial left ventricular filling pressure. 


848 Rhythm Disturbances in Hypertrophic Cardiomyopathy: Prevalence and Relation to Symptoms and 
Management 


MARIO I. CANEDO, MARTIN J. FRANK and ABDULLA M. ABDULLA 


Over a mean follow-up period of 4.7 years in 33 symptomatic patients with hypertrophic obstructive cardiomy- 
opathy arrhythmias were found in 29 patients (88 percent) and were potentially life-threatening in 13 (39 per- 
cent). Most patients had more than one type of arrhythmia. There was a 70 percent prevalence rate of supraven- 
tricular arrhythmia and an 82 percent rate of ventricular premature complexes. Holter monitoring and exercise 
stress testing proved helpful in the detection and management of the arrhythmias and are recommended for rou- 
tine use to evaluate all patients with hypertrophic cardiomyopathy. Aggressive therapy of potentially life-threat- 
ening arrhythmias lessened palpitations and presyncopal and syncopal episodes. Large doses of propranolol 
along with an aggressive search for and management of potentially life-threatening arrhythmias should be con- 
sidered the treatment of choice because surgery alone has not prevented syncope, rhythm disturbance or sud- 
den death. Such therapy combined with large doses of propranolol appeared to prevent sudden death in this se- 
ries. 


856  Strength-Interval Relation in the Human Ventricle: Effect of Procainamide 


JOSEPH S. CAMARDO, ALLAN M. GREENSPAN, LEONARD N. HOROWITZ, SCOTT R. SPIELMAN and 
MARK E. JOSEPHSON 


Evaluation of the effect of procainamide on strength-interval relations in 18 patients demonstrates that this drug 
may primarily affect active membrane properties but exerts little net effect on passive membrane properties late 
in diastole. At plasma concentrations of 4.3 to 13.6 ug/ml procainamide exerted minimal effects on threshold 
current in late diastole, but in early diastole shifted the strength-interval curve to the right. These results in the 
normal right ventricular apex may not necessarily be the same at other ventricular sites or in the abnormal ven- 
tricle. More data are therefore necessary to assess these effects in other sites and in other conditions of the 
heart. 


REVIEWS 


861  Hypertrophic Cardiomyopathy: Subclassification by M Mode Echocardiography 
BRIAN W. GILBERT, CHARLES POLLICK, ALLAN G. ADELMAN and E. DOUGLAS WIGLE 


Significant M mode echocardiographic differences were found in 74 patients with hypertrophic cardiomyopathy ' 
. who were hemodynamically classified into well defined subgroups. Echocardiographic assessment based on the 

degree of systolic anterior motion at rest and after provocation, the presence of aortic valve mid systolic notch- 

ing and left atrial size permit a noninvasive classification of patients with hypertrophic cardiomyopathy into three 


continued on page A38 
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m Of nearly 11,000 hypertensives identified by HDFP, slightly 
more than 70% had mild hypertension (DBP 90-104 mm. Hg): 


m Half were given systematic and aggressive care in HDFP cen- 
ters; half were referred to customary sources of medical care. 


After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 20%. 


m As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton** 


The HDFP primary agent 
in an effective low dose 


Hygroton 25:5, 
(chiorthalidone USP) 


Because theres nothing mild 
about mild hypertension 





related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy i5 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions; Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice) 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia, leukopenia, agranulocytosis 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) in bottles of 100 
1000 and 5000: 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips). 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 

chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 

disease, impaired hepatic function or progressive liver disease. May add to or potentiale the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma 

There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 

related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 

appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides Cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing. 

* Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, nyponatremia, hypochioremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 





. References: 
1. Five-year Findings of the Hypertension Detection and Follow-up Program: | Reduction in Mortality of Persons 


with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis IS 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased decreased, or unchanged and latent diabetes 


mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine. 


* The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories 


ANUS USV Laboratories Inc. 
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While half of us watch the recordings.. 





At Clinical Data, accuracy is just one 
important part of every LCG™ Report. 


It's a basic part of the quality that 
has allowed us to become the 
largest long term ECG recording 
and reporting service in the coun- 
try. It's why we design and build 
our own lightweight recorders; 
it's why we looked hard at the 
old superimposition method of 
scanning and came up with a 
better way —our exclusive 
Stein/Peterson™ Examination 
Technique. 

And it's why we also looked 
at reporting techniques. Our 
LCG Report is the result of 
constant awareness not only of 
the information you desire, 
but the format you prefer. Real 
time printouts of significant 
ECG tracings; quality control 
standards that include observer 
validated quantitation of ec- 
topic activity by morphology; 
graphic printout of each quan- 
titated ORS morphology so you 
can validate the data — all are 
presented clearly on convenient 
Z-fold paper. 

And none of it means a thing 
without one other basic: 

Prompt delivery. 
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At Clinical Data, we review tapes 24 hours a day, 
seven days a week on over a dozen systems. 
Saturday nights are reserved for system main- 
tenance. We have installed remote printers in 
seven U.S. cities (with more scheduled) 
that allow us to transmit reports Cross 
country in a matter of minutes. We 
process thousands of tapes a month. 
To keep all of that happening, we ve 
organized. 
Our expediting department is on a 
first name basis with key personne! 
at major courier and postal offices 
nationwide. Working with each new 
customer, they define pick-up and 
delivery priorities, establish sched- 
ules, and evaluate performance. 

We enter every incoming tape 
into our computerized tracking 
system. We can tell in an instant 
where it's from, when it arrived, 

- who delivered it, when it's been 

N examined, by whom, and how and 

s © when it should be delivered. 

UMS We've prepared a sample LCG 

« Report and a brochure that describes 

in step-by-step detail how we can 

convert a 24-hour ECG recording into a 

24-hour LCG Report and deliver it on time 

anywhere in the U.S.— often within 24-hours. 
So call us toll-free at 800-225-9180: We'll 

prove to you that our commitment is to long- 

term recording and short-term delivery. 
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hemodynamic subgroups: obstruction at rest, latent obstruction and no obstruction. Interventricular septal thick- 
ness was greater in patients with obstruction at rest than in patients with latent obstruction and thicker in the lat- 
ter group than in those with no obstruction, but there was such overlap that this measurement could not be uti- 
lized to differentiate among the subgroups of hypertrophic cardiomyopathy. This echocardiographic subclassifi- 
cation is important clinically because patients with latent obstruction often have symptoms that are relieved by 
propranolol whereas patients with obstruction at rest often have progressive symptoms that are relieved by pro- 
pranolol in only 25 percent or require ventriculomyotomyectomy. 


873 Syndrome of Symptomatic Coronary Arterial Spasm With Nearly Normal Coronary Arteriograms 
FREDERICK A. HEUPLER, Jr. 


The clinical manifestations of symptomatic coronary arterial spasm in 30 patients whose coronary arteriograms 
showed no fixed severe obstructions included typical angina at rest in most, exertional angina in 23 percent, syn- 
cope with angina in 33 percent, Prinzmetal's variant angina in 77 percent, only S-T segment depression or T 
wave changes during angina in 23 percent, major arrhythmias during ischemia in 47 percent, positive exercise 
tests in 24 percent and myocardial infarction in 7 percent. Nifedipine, isosorbide dinitrate and propranolol proved 
effective in 80 percent, 39 percent and 6 percent, respectively. The ergonovine maleate provocative test was 
positive in all 29 patients in whom it was performed. On the basis of this spectrum of symptoms the investigators 
develop a characteristic profile to assist the clinician in identifying the patients with normal coronary arterio- 
grams and clinical features suggestive of coronary arterial spasm who should be considered for further investi- 
gation. 


882 Some Clinical Considerations Regarding the Relation of Coronary Vasospasm to Coronary 
Atherosclerosis: A Hypothetical Pathogenesis 


MARIO MARZILLI, SIDNEY GOLDSTEIN, MARIA GIOVANNA TRIVELLA, CARLO PALUMBO and ATTILIO 
MASERI 


Clinical, coronary angiographic and electrocardiographic data in 212 consecutive patients with ischemic heart 
disease and a review of published data support the hypothesis that coronary arterial spasm may lead to the later 
development of fixed atherosclerotic coronary arterial obstruction. Such a sequence was actually documented 
in a 60 year old woman who underwent two successive coronary angiographic studies 8 months apart. The rela- 
tive role of functional and organic factors in the production of ischemia should be investigated in each patient 
using dynamic tests that more closely reflect the functional aspects of regional myocardial perfusion and its be- 
havior during ischemic episodes. 


DIAGNOSTIC SHELF 


887  Exercise-Induced S-T Segment Elevation in Variant Angina 


AVIJIT LAHIRI, BALA SUBRAMANIAN, MICHAEL MILLAR-CRAIG, JOHN CRAWLEY and EDWARD 
BERNARD RAFTERY 


Among 1,500 treadmill exercise tests performed by patients with ischemic heart disease, five patients mani- 
fested S-T segment depression during exercise and transient S-T segment elevation and chest pain in the post- 
exercise period. This syndrome may be associated with severe coronary artery disease and has a poor progno- 
sis. Three of these five patients had a myocardial infarction within 8 weeks of diagnosis and two died. Ambulato- 
ry electrocardiographic monitoring and exercise thallium-201 scintigraphy provided valuable information, the 
former showing similar changes at rest and the latter showing reversible exercise-induced myocardial ischemia 
in areas supplied by severely narrowed coronary arteries as documented by coronary arteriography. In such pa- 
tients therapy with verapamil and nitrates should be instituted as soon as possible and progress assessed by re- 
peated ambulatory monitoring. Beta blocking drugs appear contraindicated. 


895 Initiation of Ventricular Tachycardia by Reentry Within the Bundle Branches: Implications for 
Electrophysiologic Testing of Antiarrhythmic Drugs 


JAMES R. FOSTER and ROSS J. SIMPSON, Jr. 


In three patients, macroreentry over a bundle branch reentrant circuit consistently initiated ventricular tachycar- 
dia that utilized a different, probably microreentrant, circuit. In two of the three patients, ventricular tachycardia 
resulted not only from macroreentry within the bundle branches but also from a paced V3 delivered just before 
the expected onset of the reentrant V3. These data suggest that induction of ventricular tachycardia depends not 
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Effective in 95.4% of 8,553 patients in 44 studies 
(43 published and 1 unpublished) 
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-] Baldwin, W.F.: Can Med Assoc J 89:566 (Sept. 14) 1963. L] Bauer, H.: Ther Ggw 100:528 (Oct.) 
1961. Q Delmas, J.: La Med Practicienne (May) 1970. | ) Duncan, A.S.: Br Med J 1:439 (Feb. 23) 
1957. Q Girotti, M., Hauser, G.A.: Praxis 53:3 (Dec. 10) 1964. [ ) Gonzalez Genoves, M.: Rev 
Bibliografia Med Internac No. 329 (Nov.) 1968. C] Goodman, M.: Scientific Exhibit, AMA Clinical 
Meeting, Los Angeles (Nov.) 1962. | | Kasdon, S.C., Morentin, B.O.: J Int Coll Sur 31:455 (April) 1959. 
C Leandro Cuevas, M., Ramirez Varela, E.: Semana Med de Mexico 53: No. 742 (Sept. 27) 1968. 
O Monias, M.B.: Md State Med J 15:32 (Feb.) 1966. C Peterson, W.F.: Unpublished report of 2,373 
cases of puerperal a ene: in the files of The Purdue Frederick Company. ] Scott, R.S.: Western 
Med 6:342 (Dec.) 1965. [ ] Suarez, J., et al.: Int Rec Med 173:639 (Oct.) 1960. | ) Wager, H.P., Melosh, 
3 W.D.: Quart Rev Surg Obstet Gynecol 15:30 (March) 1958. Drug induced constipation | ] Goodman, 
M.: Scientific Exhibit AMA Clinical Meeting, Los Angeles (Nov.) 1962. |] Haward, L.R.C., Hughes- 
Roberts, H.E.: Gut 3:85, 1962. O Izard, M.W., Ellison, F.S.: Conn Med 26:589 (Oct.) 1962. | | Rider, 
J.A., Moeller, H.C.: Clin Med 72:1645 (Oct.) 1965. C Sarles, H., Camatte, R.: La Provence Medicale 
38:3 (Dec.) 1970. O Shaftel, H.E., et al.: Angiology 11:480 (Oct.) 1960. Postsurgical patients 
C Bauer, H.: Ther Ggw 100:528 (Oct.) 1961. CI Corral Manrique, E., et al.: Rev La Prensa Med 
Mexicana 32:3 (Jan.-Feb.) 1968. | ] Delmas, J.: La Med Practicienne (May) 1970. [O Goodman, M.: 
Scientific Exhibit, AMA Clinical Meeting, Los Angeles (Nov.) 1962. C] Leandro Cuevas, M., Ramirez 
Varela, E.: Semana Med de Mexico 53: No. 742 (Sept. 27) 1968. Elderly patients | | Baujat, J.P.: Gaz 
Hopitaux 136e:455 (April) 1964. L] Blanc, (Dr.) and Choux, J.: Sud Med & Chirurg No. 2486 (Nov. 30) 
1962. C Delmas, J.: La Med Practicienne (May) 1970. [|] Rousseau, G., et al.: Ouest-Med 16:129 
(Feb.) 1963. O Sarles, H., Camatte, R.: La Provence Medicale 38:3 (Dec.) 1970. L Smith, C.W., 
Evans, P.R.: Geriatrics 16:189 (April) 1961. [ ) Steigmann, F., Miller, M.: Scientific Exhibit, Am Acad Gen 
Pract, Dallas (March) 1958. Chronic constipation [ ] Blanc, (Dr.) and Choux, J.: Sud Med & Chirurg 
No. 2486 (Nov. 30) 1962. (J Delmas, J.: La Med Practicienne (May) 1970. O Flintan, P., Weeden, G.D.: 
Lancet 1:497 (March 7) 1953. L A pah M.: Ouest-Med 24:1955 (Nov.) 1971. O Haward, L.R.C.: Acta 
Gastro-Enterol (Belg.) 29:810 (Aug.-Sept.) 1966. [ ) Katz, R.: Med Press 243:335 (April 20) 1960. 
O Lamphier, T.A., Ehrlich, R.: Am J Gastroenterol 27:381 (April) 1957. O Lowy, A.: Int Rec Med 
T 173:303 (May) 1960. O Peyton, T.R.: J Nat! Med Assoc 49:388 (Nov.) 1957. O Sarles, H., Camatte, R.: 
La Provence Medicale 38:3 (Dec.) 1970. Obstetric patients [ ] Goodman, M.: Scientific Exhibit, AMA 
Clinical Meeting, Los Angeles (Nov.) 1962. C Herland, A.L., Lowenstein, A.: Quart Rev Surg Obstet 
Gynecol 14:196 (Dec.) 1957. [ ) Monias, M.B.: et al.: Md State Med J 9:439 (Aug.) 1960. L] Sarles, H., 
Camatte, R.: La Provence Medicale 38:3 (Dec.) 1970. O Scott, R.S.: Western Med 6:342 ineo) 1965. 
C Wager, H.P., Melosh, W.D.: Quart Rev Surg Obstet Gynecol 15:30 (March) 1958. Pediatric patients 
CO Berg, l., Jones, K.V.: Arch Dis Child 39:467, 1964. D Braid, F.: Med Press 231:251 (June 9) 1954. 
O Campbell-Mackie, M.: Practitioner 183:732 (Dec.) 1959. O Campbell-Mackie, M.: S Afr Med J 
37:675, 1963. O Dubow, E.: Arch Pediatr 77:261 (June) 1960. O Litchfield, H.R.: Scientific Exhibit, 
AMA, Chicago (June) 1961. O Moulies, A.: Gaz Med de France 68:239 (Jan. 25) 1961. 
Unspecified C] Steigmann, F.: Fed Proc 15:488 (March) 1956. 
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T (standardized senna concentrate Tablets/Granules 


natural vegetable laxative 


Clinically established by more than two decades 
of documented experience 


Purdue Frederick 


€ Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 A9457 . 214179 








INTERMBDICS PULSE GENERATORS 


INDICATIONS FOR USI Implantable cardiac pulse generator: 


may be indicated for long-term treatment of impulse forma- 
5 


tion and conduction disorders res ilting in symptomatic 


bradyarrhythmias, tachyarrhythmias, and heart block unre 
sponsive to drug therapy 


*j 


ACE pes 
PRECAUTIONS Implanted pacemakers have a finite and rela 


tively wide variable service life as a result of factors such as the 


i 


initial capacity of the battery and the shelf st rage time of the 


manufactured pacemaker; variations in electrode system resis 


tances, stimulation rate 


and the percentage of time the im 
planted pacemaker is inhibited; and random electronic 
imponent failures 


Pacemaker operation can be influenced by electri: magne 


ic, or electromagnetic energy mimicking normal cardiac ac 
tivity. In addition, certain environmental sources can ouple 
sufficient energy into a pacemaker system to damage the pulse 


generator. Specifically, diathermy should not be used on 


i t 


pacemaker patients because of possible total inhibition of the 


pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib 


rillation; defibrillation can damage the pacemaker, and the . 


presence of the pacemaker may cause increased cardiac musi le 


i< 
damage from defibrillation. Certain electrical ani gasoline 


f 


powered appliances can cause inhibition of ar implanted . 
cardiac pacemaker system 


For con plete precautions, see the Physic 


an s Manual for 





the Intermedics cardiac pulse generator to be used 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 


known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and perve stimulation, embolism, and cardiac tamponade 
have been reported 

Neitber of the models pictured are cardiac pacemaker 
hatient[s 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.® 





A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a num- 
ber of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant 
of this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you out- 
standing pacemaker reliability in a 
trimmer, more compact size. 

Clinical experience witb 
Intermedics unipolar ThinLiths 
demonstrates an average monthly 


failure rate of only 0.0105 per cent 
per month.* In addition, the lighter 


weight, reduced thickness and 
smoothly rounded corners reduce 
pocket bulge and add to the post- 
operative comfort of your patients. 


Also, the ThinLith design helps to 
reduce skin pressure necrosis and 
the chances of pacemaker migra- 
tion within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those desig- 
ner originals, Contact your 
Intermedics representative for 
more information on the reliability 
of our ThinLith series. 

Typical dimensions of available ThinLiths 


Height Width Thickness Weight Volume 


Reli (cm) (cm) (cm) (g) (cm3) 
ThinLith II 6.0 4.6 1.1 68 27.5 
ThinLith HI — 5.1 4.6 1.] 55 22 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 


49 lntermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


í 


Our business is life.” 


ThinLith® is a registered trademark of Intermedics, Inc 
©Copyright 1980, Intermedics, Inc., Freeport, Texas 


*Based upon 56,997 device months 
experience post first 30 days. 
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on bundle branch reentry itself, but on the occurrence of a closely coupled third ventricular complex, whether 
paced or reentrant. Failure to recognize cases in which bundle branch reentry provides a nonpaced means of 
introducing the V3 required to initiate ventricular tachycardia may lead to inappropriate selection of long-term 
antiarrhythmic therapy. 
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I 
Ejection 


Fig. 4 


TM* 

I. Figure l is a pre-stress CKG (Cardiokymo- 
graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

OC. holosystolic outward motion 
O D. other 


II. Figure 2 is a two minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
[] D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 
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IV. Figures 1, 2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
CJ B. normal ventricular wall motion 
V. According to recently published? data, the 
CKG (Cardiokymograph) stress test is: 
O A. 9896 sensitive — 9896 specific 
O B. 5996 sensitive — 6996 specific 
OC. 7496 sensitive — 9596 specific 
[J D. 4096 sensitive — 6096 specific 
VI. Figure4 is a photograph of: 
O A. CKG/700 (Cardiokymograph) 
C] B. anoninvasive device that provides an 
analog representation of wall motion 
[] C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 


diagnostic accuracy 
O D. allofthe above 
REFERENCE 
(1)Silverberg RA, Diamond GA, Vas R, Tzivoni D. Swan HJC 
Forrester J S: Noninvasive Diagnosis of Coronary Artery Disease 


The Cardiokymographic Stress Test, Circulation, Vol. 61 No. 3; pgs 
579-589 


'MCKGis a trademark of Cardiokinetics Inc. *Patent Pending 


For additional bibliography call or write: 


DIOKINCGTIC- 


CARDIOKINETICS INC. 
710 NINTH AVENUE NORTH 
SEATTLE, WASHINGTON 98109 


(206) 625-1155 
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Lopressor” 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction 

In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be avar a diuretic, 
| 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 


. Bronchospastic Diseases: PATIENTS WITH 


BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 


Still the most 
significant clinical 
advance in 
beta-blocker 
antihypertensive 


therapy 





tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
Surgery is controversial. It snould be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (€.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or. marked bradycar- 
dia which may produce vertigo, syncope. or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
Is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed 


Nursing Mothers: |t is not known whether this drug 
IS excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


LOPRESSOR 


metoprolol tartrate 





Usage in Children: Safety and effectiveness in 
children have not been established. 


Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
Sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities: arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation. 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
Dances; nallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- . 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease. 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450' mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing IS effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 

This drug should be stored at controlled room tem- 
perature and protected from moisture. 

How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
667292 C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


Geigy 


325-2487-A 
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ATTEND THE SYMPOSIUM 
LED BY THE NATION'S FOREMOST 
NUCLEAR CARDIOLOGISTS. 


MAY 16, 17 & 18, PLAZA HOTEL 
NEW YORK, NEW YORK 


This symposium, the third in a 
series* by Nuclear Cardiology 
Systems, follows last month's 
successful meeting in Las 
Vegas. 


The symposium is an opportunity 
for cardiologists to learn from 
the nation's leading nuclear 
cardiologists the value of nuclear 
cardiology in patient manage- 
ment. Topics will guide the 
clinician in the selection of the 
appropriate nuclear procedure for 
specific clinical problems. The 
performance of basic imaging 
techniques will be illustrated by 
clinical example. 


*Detroit— 
June 20. 21. 22 


FSS tet 
THE FACULTY 


George A. Beller, M.D. 
University of Virginia Medical 
Center. Professor of Medicine, 
Head, Division of Cardiology. 
Charlottesville, Virginia 


Jeffrey S. Borer, M.D. 
Cornell University. Associate 
Professor of Medicine. Chief, 
Cardiac and Catheterization 
Laboratory, Director of Nuclear 
Cardiology, New York Hospital, 
New York, New York 


Trevor Cradduck, Ph.D. 
University of Western Ontario. 
Associate Professor of Radiology 
and Nuclear Medicine, Assistant 
Professor of Radiation Oncology. 
Senior Physicist, Victoria Hospi- 
tal, London, Ontario 


Richard Gorlin, M.D. 

Mount Sinai Hospital. Murray 
M. Rosenberg, Professor of 
Medicine, Chairman, Department 
of Medicine, New York, New York 


Richard H. Helfant, M.D. 
University of Pennsylvania 
School of Medicine. Professor 
of Clinical Medicine. Chief, Divi- 
sion of Cardiology, Presbyterian 
University of Pennsylvania Medi- 
cal Center, Philadelphia, 
Pennsylvania 


Jonathan Links, B.A. 

Johns Hopkins Medical Institu- 
tions. Department of Nuclear 
Medicine, Medical Physicist, 
Baltimore, Maryland 


Melvin L. Marcus, M.D. 
University of lowa. Associate 
Professor of Medicine, Cardio- 
vascular Division, lowa City, lowa 


Gerald M. Pohost, M.D. 
Harvard University School of 
Medicine. Assistant Professor of 
Medicine. Assistant in Medicine, 
Cardiac Unit, Massachusetts 
General Hospital, Boston, 
Massachusetts 


Bruce Sherman, M.D. 

Temple University. Associate 
Clinical Professor of Radiology. 
Staff Radiologist, Albert Einstein 
Hospital, Philadelphia. 
Pennsylvania 


Henry N. Wagner, Jr., M.D. 
Johns Hopkins Medical Institu- 
tions. Professor of Medicine, 
Radiology and Environmental 
Health, Director of Nuclear Medi- 
cine and Radiation Health, Balti- 
more, Maryland 


PROGRAM TOPICS 

(First two days) 

Clinical applications 

Introduction to imaging tech- 

niques: 

@ Gated blood pool 

8 Thallium perfusion 

@ First transit 

8 Thallium and gated blood pool 
tomography 

8 Myocardial pyrophosphate 
infarct 

Instrumentation 

Data processors/software 

Radiopharmaceuticals 


OPTIONAL 
WORKSHOP" 


(Third day) 
Consultation on: 

8 instrumentation 

= Computer software 
@ Licensure 





B Certificate of Need 
8 Third party reimbursement 


*Workshop. conducted by Nuclear 


Cardiology Systems consultants, 
is designed solely for those 
physicians interested in estab- 
lishing a nuclear cardiology labo- 
ratory within the next 12 months. 


(NM gr Nic egeris 
REGISTRATION 


Registration fee is $750. This fee 
covers all lectures, symposium 
abstracts, coffee breaks and lun- 
cheons. A full refund will accom- 
pany cancellations made up to 
two weeks in advance of the 
meeting. No refunds will be made 
after that date. However, a sub- 
stitute may be sent in place of 
the original applicant. Symposium 
attendees are responsible for 
securing their own hotel 
reservations. 


reservations. 


Name . Ife = 





Address 


LIMITED REGISTRATION. 
NEW YORK, MAY 16, 17 & 18. 
FOR LATE REGISTRATION, 
CALL: (415) 928-0500 


Applications to the symposium will be limited, so register early. 
Registration fee is $750 per person. Mail coupon or phone for 





City — 





Office Phone 


SOM LL Asc D 














Type of practice 








Please make checks payable in U.S. funds to: 


NUCLEAR CARDIOLOGY SYSTEMS 


1375 Sutter, Suite 412, San Francisco, CA 94109. 


- mone! 9080. 
Arrhythmia Analyzer te — 


| 
Li 


BEAT AG xaO —-— A" —— —— X 


Dynamic 
Electrocardiosr anner 
modet 2 3 17 





. THE TRENDSETTER. 


A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
MPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


3CAN REEL-TO-REEL, CARTRIDGE, 
JR CASSETTE RECORDINGS. 
[he Trendsetter handles ail. 


DETECT ARRHYTHMIAS WITH 

JNPARALLELED ACCURACY. 

[he system's Arrhythmia Analyzer is "operator-taught" 
o recognize each patient's unique normal and variant 
waveforms, and to compare all subsequent waveforms 
o the learned patterns. The Analyzer then categorizes 
and counts all such waveforms— making arrhythmia 
letection precise and specific for each patient. 


DUCE PROCESSING TIME 
ITH NEW X240 SCANNING SPEED. 
Selectable scan speeds of X240, X120 or X60 provide 


the operator with a speed-control range to assist in gen- 


srating comprehensive reports rapidly —all with com- 
olete accuracy. 


EVALUATE AMBULATORY ECG, BLOOD 
PRESSURE, AND PACEMAKER RECORDINGS 
WITH A SINGLE INTEGRATED SYSTEM. 

Ihe Trendsetter learns, examines, tabulates, 

and formats reports of all recorded data. 







L MAR AVIONICS 


i 1601 Alton Avenue at Red Hill, Irvine, CA 92714 
Telephone (714) 549-1500 Telex 68-5621 


For more information, call any one of our Corporate Sales and Service Offices: 
* - $ 
ATLANTA (404) 952-0612 DALLAS (214) 350-588] zT S (7 
BALTIMORE (301): ENV 14 AND 
JEN. 
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SELECT REPORT FORMATS TAILORED TO 

YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 

patient: 

m Trend records of heart rate 

= ST segment level and blood pressure 

a 2-channel ECG documentation 

m Hourly tabulations of ECG activity, pacemaker activity, 
and blood pressure 

m Graphic/histographic charts of recorded data 

m Any combination you predetermine 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 


March 1980, Del Mar Avionics 


Eugene Braunwald’s 


HEART DISEASE..——.—.— 
A Textbook of Cardiovascular Medicine 


ih ak 3 ig ~] With contributions 
"miim a ER MEBANR: by 34 of the 


5 ree names in the field! 
o 


ED LL. 





: iiis -— A Now 

etuer TU st J^ " 

ares sa Be od Beg ENNT the 
e e E 

definitive work. 








Edited by a leading authority in cardiology, Edited and with contributions by Eugene 
this landmark volume provides the most out- Braunwald, MD, Hersey Professor of Theory 
standing coverage of cardiovascular medicine ^ and Practice of Medicine and Head, Depart- 
available today. Dr. Eugene Braunwald has ment of Medicine at the Peter Bent Brigham 
personally written or co-authored 27 of the Hospital, Harvard Medical School; Physician- 


99 chapters. The content details examination in-Chief, Affiliated Hospitals Center. Boston. 
of the patient and clinical findings, including About 2102 pp. Illustd. Ready April 1980. 
theory and application of modern invasiveand Single Vol.: $65.00. Order #1923-1. 
noninvasive techniques, echocardiographic 2-Vol. Set: $75.00. Order #1924-X. 

and radioisotopic examination of the cardio- 
vascular system; the pathophysiology, diagno- 
sis and treatment of the principal abnormalities 
of circulatory function, including heart failure, 
shock, arrhythmias, and abnormalities of 
arterial pressure; the principal congenital and 
acquired diseases affecting the heart, peri- 
cardium, aorta, and pulmonary vascular bed in 
adults and children; and the manner in which 
diseases of other organ systems affect the 
circulation and vice versa. Over 1,000 figures, 
285 tables and 12,700 bibliographic refer- ADDRESS 

ences are provided in this 2,100-page volume. GT STATE aie 
HEART DISEASE —now the definitive work. — & oe sin caved: uiii eio E Nomis EE Moar OAO a 


pem a mmm M Á — m 


WB. Saunders Company 
W. Washington Square, Philadelphia, PA 19105 


Send on no-risk, 30-day approval: 


Braunwald: HEART DISEASE 


O Single Vol. 1923-1 © 2-Vol. Set #1924-x 


O check enclosed [O bill m Prices differ outside US 
(Send postpaid) UON * postage andare subject to change 
nd handtlir 


FULL NAME 
POSITION & AFFILIATION (IF APPLICABLE) 
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- LANOXIN... 
DIGOXIN 
ELIXIR PEDIATRIC 


Each cc contains 
50 meg (0.05 mg 
DIGOXIN 
A glyco: ide of Digita s lanata 
PLEASANTLY FLAVORED 
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LANOXIN. 


POISON 


Drm noc 
LANOXIN 





| here. Merger DIGOXIN 
C oho! i X 
| CAUTION. Federal law prohibits dispens è A DIGOXIN 
[ 253.55 mg without prescription 
| í 100 Tablets us 5 For smdications, dosage. precautions ; 
à ^ : LANOXIN ..... PAUTION: Federal taws prohi M 025 mg 
: . DIGOXIN i hou presctiptor p ages 
| (A glycoside of Digitalis tanata) i . et : : me j prec j 
JANOXINT — | 
WN INJECTI® E ' 
Nale . THIOTA 
‘ee 290 eq NN '€UfÜ EXP 12/82 
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= Quality, economy, and efficacy over the years. 

a Only B.W. Co” processes from the leaf to the tablet. 
a A full range of dosage forms and strengths. J » / Burroughs Wellcome Co. 
: A 7 


Research Triangle Park 
North Carolina 27709 


Please see prescribing information on following page. f 


LANOXIN® 


(DIGOXIN) 

TABLETS 0.125 mg Scored (yellow), I.D. Imprint Y3B 
0.25 mg Scored (white), I.D. Imprint X3A 
0.5 mg Scored (green), 1.D. Imprint T9A 


LANOXIN® 


(DIGOXIN) 


ELIXIR PEDIATRIC 50 mcg (0.05 mo) perce 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure. all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
Eo of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in "low output” failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation. especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
Continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular Sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used. especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

Allergy, though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 


Many of the arrhythmias for which digoxin is advised Closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the Cause of these 
Symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and Cautiously approached than in more mature 
infants. Impaired renal function must also be Carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
Continued es soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially when Severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to Ay en treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. i 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
Suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved n 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic Stenosis must be managed extremely carefully. 
Unless cardiac failure IS Severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients 4 renal disease. Note: This applies also to potassium administration should it become 
necessafy. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
bu on tablets should be taken into account when Switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 





Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

P. nervous System: Visual disturbances (blurred vision, yellow vision), headache. weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atria! tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a Clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen: nodal and atrial SyStoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and Paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
Dotassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliecuivalents) When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
9 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/ kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered Slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administratior, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
See next paragraph) without a loading dose results in development of Steady-State plateau con- 
Centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. | 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of ap. require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

Many children with severe inoperable congenital defects need digoxin throughout childhood and 
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Five hundred twenty-nine patients were studied with programmed ven- 
tricular stimulation for evaluation of supraventricular and ventricular 
tachyarrhythmias. Eighty-six patients had clinical ventricular tachycardia. 
Sustained ventricular tachycardia was induced in 52 (91 percent) of the 
57 patients with a sustained form of the arrhythmia clinically. Nonsustained 
ventricular tachycardia was induced in 18 (62 percent) of 29 patients with 
a symptomatic nonsustained form clinically, in 2 (4 percent) of 57 patients 
with a sustained form and in 3 (0.7 percent) of the 443 patients with no 
documented spontaneous ventricular tachycardia. Ventricular tachycardia 
(sustained or nonsustained) was induced by double right or left ventricular 
extrastimuli in 47 patients (63 percent) and by single right ventricular 
extrastimuli in 23 (31 percent); in 5 (7 percent), it was inducible only by 
rapid ventricular pacing and in 9 (12 percent) only by left ventricular 
stimulation. 

All 52 patients with induced sustained ventricular tachycardia had the 
sustained form clinically. Of the 23 patients with induced nonsustained 
ventricular tachycardia, 18 (78 percent) had the nonsustained form 
clinically. Four hundred fifty-four patients had no induced ventricular 
tachycardia; only 14 (3 percent) of these had the arrhythmia sponta- 
neously. The morphologic features, axis and cycle length of 54 of 62 ep- 
isodes of induced ventricular tachycardia in 43 patients were similar to 
those of the clinically observed arrhythmia. It is concluded that ventricular 
tachycardia resembling the clinical variety can be induced in the labo- 
ratory in almost all patients with sustained ventricular tachycardia clini- 
cally, in the majority of those with symptomatic nonsustained ventricular 
tachycardia clinically, and only rarely in patients with no previously 
documented ventricular tachycardia. Conversely, induction of ventricular 
tachycardia implies the likelihood of spontaneous episodes of this ar- 
rhythmia. 


Programmed electrical stimulation is used in the electrophysiologic study 
of patients with a wide variety of supraventricular and more recently 
ventricular arrhythmias.!-!? In patients with spontaneous ventricular 
tachycardia, reproducible initiation of the arrhythmia in the catheter- 
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ization laboratory has made it possible to evaluate 
pharmacologic and pacemaker therapy of the arrhyth- 
mia and to perform endocardial mapping during ven- 
tricular tachycardia as a guide to surgical interven- 
tions. ^519.1,4'These modes of evaluation and therapy 
are based on the assumption that the ventricular ar- 
rhythmia induced in the laboratory is clinically signif- 
icant in that it reproduces the clinical effects, electro- 
cardiographic characteristics and response to therapy 
of the patient's spontaneous ventricular tachycardia. 
Although most workers in the field consider this a valid 
assumption, few studies are available to support this 
hypothesis. The purpose of this study is to evaluate the 
incidence and clinical significance of ventricular 
tachycardia induced by programmed electrical stimu- 
lation and to relate these findings to spontaneous ar- 
rhythmias. 


Methods 


Patients: Five hundred twenty-nine adult patients ranging 
in age from 18 to 85 years underwent electrophysiologic 
studies either for evaluation of documented or suspected 
tachyarrhythmias or bradyarrhythmias or as part of research 
protocols from July 1974 to April 1979. There were 398 pa- 
tients with organic heart disease, including 301 with athero- 
sclerotic heart disease. One hundred thirty-one patients had 
no organic heart disease. All available electrocardiograms, 
Holter monitor recordings and rhythm strips were used to 
determine the presence or absence of spontaneous ventricular 
tachycardia as defined with standard electrocardiographic 
criteria.!? Patients with sustained or nonsustained ventricular 
tachycardia, spontaneous or laboratory-induced, or both, form 
the basis of this report. Whenever possible, complete data on 
the morphologic features, QRS axis and cycle length of the 
spontaneous ventricular tachycardia were obtained. If the only 
available records showing ventricular tachycardia were ob- 
tained while the patient was receiving antiarrhythmic drug 
therapy, the arrhythmia was compared with induced ven- 
tricular tachycardia recorded while the patient was (1) on a 
similar drug regimen, and (2) on no therapy. 

Definitions: The following definitions were used: 

Sustained ventricular tachycardia —lasting longer than 
1 minute or requiring termination by programmed ventricular 
stimulation or cardioversion before that time. 

Nonsustained ventricular tachycardia—ventricular 
tachycardia that terminated spontaneously in less than 60 
seconds (usually 3 to 10 complexes, but no less than 3 com- 
plexes). 

Noninducible—two or fewer responses to any stimulation 
techniques to be described. 

Inducible —reproducible initiation (at least three times) 
of ventricular tachycardia by a specific technique of pro- 
grammed electrical stimulation. 

Torsade de pointes—paroxysms of ventricular tachycardia, 
usually rapid (more than 200/min), irregular and nonsustained 
in which the QRS complex undergoes continual changes in 
configuration, duration, amplitude and axis. This arrhythmia 
is classically associated with a long Q-T interval (spontaneous 
or drug- or metabolism-related).!6-18 

Electrophysiologic studies: Studies were performed in 
the non-sedated postabsorptive state after informed consent 
was obtained. Three to six multipolar electrode catheters were 
introduced percutaneously or by cutdown procedure and 
positioned in the heart with fluoroscopic guidance. Quadru- 


polar electrode catheters were used when both stimulation and 
recording from a site were required. Recording sites usually 
included the right atrium, the atrioventricular junction at the 
His bundle site and the right ventricular apex, interventricular 
septum and the inflow or outflow tract, or both. Left ven- 
tricular recording was performed in patients who had sus- 
tained ventricular tachycardia (spontaneous or induced) 
during the study. 

Stimulation was performed with a specially designed 
programmable stimulator and an optically isolated constant 
current source (Bloom Associates, Ltd., Narberth, Pennsyl- 
vania). The stimuli were rectangular impulses, 1 ms in dura- 
tion, that were delivered at twice diastolic threshold. 

Intracardiac electrograms were filtered at 40 to 500 hertz 
and simultaneously displayed with two to three electrocar- 
diographic leads, usually leads I, aVF and Vi, on a multi- 
channel oscilloscope (Electronics for Medicine, DR 16), stored 
on an analog tape (Honeywell model 5600) and later retrieved 
on photographic paper at speeds of 100 to 200 mm/s. 

Programmed ventricular stimulation (Table I) was per- 
formed as follows: Single premature ventricular extrastimuli 
(So) were introduced in late diastole during normal sinus 
rhythm and at varying paced cycle lengths (S,-S; intervals of 
400 to 1000 ms, usually 500 or 600 ms) and moved earlier until 
ventricular refractoriness was reached. Double premature 
ventricular extrastimuli (So and S3) were introduced beginning 
at an S,-S» interval of 50 to 100 ms longer than the ventricular 
refractory period and an S-S; interval equal to the 51-85 in- 
terval. The 85-83 interval was progressively shortened until 
$3 did not depolarize the ventricles. The 51-8» interval was 
then shortened until S3 again captured the ventricles. This 
process was continued until S» and Sg reached ventricular 
refractoriness or ventricular tachycardia was initiated. Rapid 
right ventricular or left ventricular pacing with sudden ces- 
sation of stimulation after 15 to 60 seconds was performed at 
incremental rates with cycle lengths ranging from 400 to 250 
ms and with introduction of the initial stimulus in late diastole 
during normal sinus rhythm. Both rapid ventricular pacing 
and introduction of premature ventricular extrastimuli were 
performed at multiple sites in the right or left ventricle, or 
both, if ventricular tachycardia was not inducible at the initial 
site. 

All 529 patients were studied with rapid right ventricular 
pacing and administration of single right ventricular pre- 
mature extrastimuli. One hundred ninety-two patients, in- 
cluding 135 with documented or suspected clinical ventricular 
tachyarrhythmias, received double right ventricular extras- 
timuli. Left ventricular stimulation was performed in 66 pa- 
tients with documented or suspected ventricular tachyar- 
rhythmias, including all patients in this group in whom right 
ventricular stimulation failed to initiate the tachycardia. All 
66 received single and 50 received double left ventricular ex- 
trastimuli. 


Results 


Patients with clinical ventricular tachycardia: 
Eighty-six patients had symptomatic ventricular 
tachycardia clinically; in 57 of these, the tachycardia was 
recurrent (three or more episodes) and sustained, and 
in 29 it was nonsustained. The 57 patients with sus- 
tained arrhythmia included 48 men and 9 women aged 
18 to 73 years; 52 of them (91 percent) had organic heart 
disease, including 47 patients (83 percent) with coronary 
artery disease and 38 (67 percent) with left ventricular 
aneurysm. The 29 patients with nonsustained ventric- 
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TABLE | 
Programmed Stimulation Techniques in 529 Patients 


Site of Stimulation 





Right Left 
Method of Stimulation Ventricle Ventricle 
Ventricular extrastimuli 
Single 529 66 
Double 192 50 
Rapid ventricular pacing 500 32 


ular tachycardia included 21 men and 8 women aged 21 
to 72 years; 20 (69 percent) had organic heart disease, 
including 13 (45 percent) with coronary artery disease. 
Nine patients had no clinical evidence or catheterization 
findings (five patients) of organic heart disease. 

The group with nonsustained ventricular tachy- 
cardia was heterogenous and comprised three types: 
The largest subgroup included 11 patients with 
nonexercise-related tachycardia of uniform morphologic 
features lasting less than 1 minute. A second group 
comprised 10 patients whose tachycardia was histori- 
cally related to exercise; in 6 of these the tachycardia 
was replicated during a standard exercise test. The third 
group included eight patients with paroxysmal ven- 
tricular tachycardia meeting the criteria for torsade de 
pointes. Their cardiac diagnoses were heterogenous and 
included cardiomyopathy (two patients), rheumatic 
heart disease (two patients), coronary artery disease 
(two patients), long Q-T interval syndrome (one pa- 
tient) and coronary arterial spasm (one patient). Only 
in the one patient with the long Q-T interval syndrome 
was the arrhythmia temporally related to the admin- 
istration of drugs (procainamide). In no other patients 
were metabolic factors or drugs related to the ar- 
rhythmia. 

Sensitivity of programmed stimulation in pa- 
tients with sustained ventricular tachycardia 
(Table II): Ventricular tachycardia was induced in 54 
(95 percent) of the 57 patients with sustained ventric- 
ular tachycardia clinically (Fig. 1); in 52 of the 54 the 
induced tachycardia was sustained. The method of in- 
duction of the arrhythmia in the laboratory varied. In 
all but four instances it was induced by the introduction 
of one or two ventricular extrastimuli. In 23 (43 percent) 
of the 54 the tachycardia was initiated by two right 
ventricular extrastimuli, whereas in 19 (35 percent) it 
was initiated by a single right ventricular extrastimulus. 
In 12 patients it was initiated by rapid ventricular 
pacing at cycle lengths of 400 to 250 ms; in 4 of the 12 
this was the only method of induction. Ventricular 
tachycardia was initiated by left ventricular stimulation 
in 22 patients in whom the latter was attempted—in 16 
by double and in 6 by single left ventricular extrastimuli. 
In six patients (11 percent) the only method of induc- 
tion was by double left ventricular stimuli. In two pa- 
tients with sustained ventricular tachycardia clinically, 
nensustained tachycardia was induced by double right 
ventricular extrastimuli. 


INDUCED VENTRICULAR TACHYCAHDIA— VANDEPUL EI At. 


TABLE Il 


Method of Induction of Tachycardia in Patients With Clinical 
Ventricular Tachycardia 


Stimulation Techniques 





Ventricular 
Induced Extrastimuli 
Ventricular Pe ne tT RVP LVS 
Tachycardia Single Double RVP (only) (only) 
Sustained 
(52 patients) 19 29 12 4 6 
Nonsustained 
(20 patients)" 4 15 5 1 3 
* Includes two patients with sustained ventricular tachycardia clin- 
ically. 


LVS - left ventricular stimulation; RVP — rapid ventricular pacing. 


Sensitivity of programmed stimulation in pa- 
tients with nonsustained ventricular tachycardia 
(Table II): Nonsustained ventricular tachycardia was 
initiated in 18 of the 29 patients who were clinically 
symptomatic with this arrhythmia (Fig. 1). The tachy- 
cardia was induced with right ventricular double ex- 
trastimuli in 10 patients (34 percent), by right ventric- 
ular single extrastimuli in 4 (14 percent), by rapid right 
ventricular pacing in 5 (17 percent) and by double left 
ventricular stimuli alone in 3 (10 percent). Within the 
subgroups of patients with nonsustained ventricular 
tachycardia the arrhythmia was induced (1) in 7 of 11 
patients with nonexercise-related ventricular tachy- 
cardia of uniform configuration, (2) in 6 of 10 patients 
with exercise-related ventricular tachycardia (induced 
in 5 of these only after isoproterenol infusion), and (3) 
in 5 of 8 patients with clinical episodes of torsade de 
pointes. 

Of the 14 patients with clinical ventricular tachy- 
cardia (3 with the sustained and 11 with the nonsus- 
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INDUCIBLE VT (%) 
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n #57 n= 29 n* 443 
CLINICAL VT 


FIGURE 1. Incidence of ventricular tachycardia (VT) induced by pro- 
grammed stimulation in patients with this arrhythmia clinically.. 
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tained form) in whom the arrhythmia was not inducible 
in the laboratory, 8 were studied with left ventricular 
stimulation, 3 with isoproterenol and 3 with both iso- 
proterenol and left ventricular stimulation. In each, 
routine stimulation with single and double right ven- 
tricular extrastimuli and rapid right ventricular pacing 
had failed to induce tachycardia. 

Patients without clinical ventricular tachycar- 
dia: Ventricular tachycardia could be induced in only 
3 (0.7 percent) of 443 patients with no clinically docu- 
mented ventricular tachycardia (Fig. 2). In all three the 
arrhythmia was nonsustained and was induced by 


. double right ventricular extrastimuli. In two of the 


three, both with a history of unexplained syncope, the 
induced arrhythmia was classified as torsade de pointes. 


. Inthe remaining 440 patients no ventricular tachycardia 


was inducible. All of the remaining 440 patients were 
studied with right ventricular pacing and single right 


. ventricular extrastimuli. One hundred twenty-six pa- 


tients were also tested with double right ventricular 
extrastimuli, including 20 who were also tested with 


. single and double left ventricular extrastimuli. 


Specificity of laboratory-induced ventricular 


_ tachycardia: Ventricular tachycardia was induced by 


programmed stimulation in 75 patients (Fig. 2), and in 
52 of these the arrhythmia was sustained. Forty-seven 
(90 percent) of the 52 had organic heart disease, pri- 
marily coronary artery disease. All 52 patients with in- 
duced sustained ventricular tachycardia had the sus- 
tained form clinically. 

Nonsustained ventricular tachycardia was induced 
by programmed stimulation in a total of 23 patients. 
Organic heart disease was present in 18 (78 percent) of 
these, including 13 who had coronary artery disease; 
however, only 5 had ventricular aneurysm, and 7 had no 
heart disease. Eighteen of these 23 patients also had 
symptomatic nonsustained ventricular tachycardia 
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FIGURE 2. Incidence of clinical ventricular tachycardia (VT) in patients 
in whom this arrhythmia was induced by programmed stimulation. 


clinically (Fig. 2); 2 of the 23 had the sustained form 
clinically, and the remaining 3 had no documented 
ventricular tachycardia before the study. Two of these 
three were being evaluated for unexplained syncopal 
episodes; in both patients the nonsustained ventricular 
tachycardia induced in the laboratory was of the torsade 
de pointes variety and reproduced their symptoms. In 
7 of the 23 patients the induced nonsustained ventric- 
ular tachycardia was of the torsade de pointes type that 
had been documented clinically in 5 of the patients. 

Four hundred fifty-four of the 529 patients had no 
inducible ventricular tachycardia in the laboratory 
(Fig. 2). Fourteen (3 percent) of the 454 had the ar- 
rhythmia clinically, and in 3 of these the tachycardia 
was sustained. Each of these three had spontaneous 
ventricular tachycardia in the laboratory, and the re- 
sponses to overdrive pacing and programmed stimula- 
tion suggested an automatic mechanism. The remaining 
11 had spontaneous nonsustained ventricular tachy- 
cardia in the laboratory. Two of these, one patient with 
a long Q-T interval and one with mitral valve prolapse, 
had a torsade de pointes rhythm clinically. Three had 
exercise-induced nonsustained ventricular tachycardia 
and two had no evidence of heart disease. Eight of these 
14 patients in whom ventricular tachycardia was not 
inducible by programmed stimulation despite its clin- 
ical occurrence had one or two intraventricular reen- 
trant complexes that were similar in configuration to 
the clinical ventricular tachycardia. 

Comparison of morphologic features of clinical 
and induced ventricular tachycardia: The QRS 
configuration, axis and cycle length of both the clinical 
and induced ventricular tachycardia were available for 
comparison in 43 patients. Comparisons and morpho- 
logic data were limited by the number of electrocar- 
diographic leads recorded in the laboratory which were 
either leads I, II or aVF, and V; or I, II, III and Vi. In 12 
patients, however, a 12 lead electrocardiogram of the 
induced tachycardia was recorded in the laboratory and 
compared with the prestudy 12 lead electrocardiogram 
of the arrhythmia. In the remaining patients docu- 
mentation of their arrthymia was by modified precor- 
dial or limb leads, or both, during Holter monitoring or 
telemetry and thus adequate comparisons of morpho- 
logic features could not be made. The 43 patients in 
whom comparisons were made included 54 percent of 
the patients with sustained ventricular tachycardia 
clinically and 43 percent of those with nonsustained 
tachycardia clinically. There were no significant dif- 
ferences in frequency or type of heart disease between 
these 43 patients and the patients who did not have 
complete documentation of their clinical arrhythmia. 
Sixty-two distinct patterns of ventricular tachycardia 
(sustained and nonsustained) were induced in these 43 
patients in the laboratory. Fifty-four patterns (87 per- 
cent) were documented to occur spontaneously and had 
the same configuration (right or left bundle branch 
block) and axis as those of the induced ventricular 
tachycardias (Fig. 3). The difference in cycle lengths 
between clinical and induced ventricular tachycardias 
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was less than 10 ms in 22 of 54 episodes and ranged from 
10 to 80 ms (37 + 22) in the remaining 32. Each of the 
eight patients in whom a configuration of ventricular 
tachycardia was induced that was not seen clinically had 
two different configurations of ventricular tachycardia 
induced in the laboratory. In each case the electrocar- 
diographic characteristics of one of the configurations 
were similar to the clinical ventricular tachycardia. 

Complications of programmed stimulation: The 
programmed stimulation in these 529 patients was not 
accompanied by any mortality. Ventricular fibrillation 
was induced in 12 patients including 10 who had clinical 
episodes of ventricular fibrillation and have previously 
been described.!? In two cases the ventricular fibrilla- 
tion was drug-related. In four cases a stable ventricular 
tachycardia had degenerated into ventricular fibrilla- 
tion analogous to clinical cardiac arrest experienced by 
. these patients before the study. In each of these patients 
who did not have spontaneous conversion, sinus rhythm 
was restored by direct shock using 200 to 320 watt sec- 
onds (seven patients). There were no cardiac or neuro- 
logic sequelae in these patients or in the 10 patients 
whose ventricular tachycardia required cardiover- 
sion. 


Discussion 


Significance of Laboratory-Induced Tachycardias 


Laboratory induction of supraventricular and ven- 
tricular arrhythmias by programmed electrical stimu- 
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lation has become an increasingly important technique 
in evaluating antiarrhythmic drug regimens and in de- 
fining patients at risk for arrhythmias.! !* These clinical 
applications of electrophysiologic studies require con- 
fidence in the ability of programmed electrical stimu- 
lation to duplicate the patient's spontaneous arrhyth- 
mias. 

The clinical significance of laboratory-induced su- 
praventricular tachycardia in patients with the Wolff- 
Parkinson-White syndrome was reported by Denes et 
al,2 who concluded that laboratory induction of 
tachycardia in patients with a preexcitation syndrome 
implied the likelihood of spontaneous supraventricular 
tachycardia. Goldreyer and Damato! suggested the use 
of programmed stimulation as a diagnostic test for 
atrioventricular nodal reentrant supraventricular 
tachycardia as a result of their observations that pa- 
tients with this arrhythmia induced in the laboratory 
were clinically symptomatic and had spontaneous su- 
praventricular tachycardia, unlike patients who did not 
have the arrhythmia with programmed stimulation. 

We and others4 99? have previously noted that 
laboratory-induced tachycardias were similar in con- 
figuration to the patients' clinical tachycardias. In a 
preliminary report, Wellens et al.?! demonstrated that 
tachycardias induced in their laboratory were identical 
in configuration to those noted clinically. Their study 
included 56 patients with ventricular tachycardias and 
289 patients with supraventricular tachycardias. In the 
present study we also observed that induced ventricular 


xe ww OC CE 
ECCE 














FIGURE 3. Initiation of sustained ventricular tachycardia (VT) morphologically similar to that occurring spontaneously. Left, sustained ventricular 
tachycardia with a right bundle branch block configuration and superior axis (rate 140 beats/min; cycle length 430 ms) induced (at arrow) by right 
ventricular pacing at a cycle length of 400 ms. Leads |, aVL and V, are shown with electrograms from the high right atrium (HRA), coronary sinus 
(CS), His bundle region (HBE), and right ventricular apex (RVA). T = time lines. Right, same patient. Standard electrocardiogram revealing spontaneous 
sustained ventricular tachycardia with the same morphologic features and axis as those of the induced tachycardia (rate 170 beats/min). - 
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tachycardias were similar to the patients' spontaneous 
ventricular tachycardias. Our data, however, are limited 
by the use of only three or four surface electrocardio- 
graphic leads. Although our lead selection usually in- 
cluded leads from three planes, it is conceivable that 
subtle differences might have been observed had a 19 
lead electrocardiogram been obtained in the laboratory. 
In 12 instances this was done using a standard electro- 
cardiograph and the configuration of the induced ven- 
tricular tachycardia was observed to be comparable with 
that of the spontaneous arrhythmia. Differences in cycle 
lengths of clinical and laboratory ventricular tachy- 
cardias were not significant, and when they occurred 
were often due to the effects of antiarrhythmic 
agents. 

This report demonstrates that patients in whom 
ventricular tachycardia (sustained or nonsustained) is 
induced in the laboratory are overwhelmingly those who 
experience spontaneous attacks of ventricular tachy- 
cardia. This is particularly true of patients in whom 
sustained ventricular tachycardia is induced. One 
hundred percent of these patients had documented 
sustained ventricular tachycardia clinically. It is equally 
significant that only 3 percent (14) of 454 patients in 
whom ventricular tachycardia was not inducible had 
spontaneous ventricular tachycardia. 


Correlation of Clinical Ventricular Tachycardia 
With Inducibility 


Patients with recurrent sustained ventricular 
tachycardia have been studied in detail by many in- 
vestigators.*-!? A large incidence of coronary artery 
disease has been previously noted.>:79 Similarly, coro- 
nary artery disease was diagnosed with coronary angi- 


ography in 82 percent of our 57 patients with clinical - 


sustained ventricular tachycardia. Previous myocardial 
infarction was documented in all but one patient with 
coronary artery disease, and left ventricular aneurysm 
was present in 67 percent of the 57 patients. 

We? have previously reported an 85 percent success 
rate of inducing sustained ventricular tachycardia in 
patients with clinical episodes of sustained ventricular 
tachycardia. In the present report, which includes only 
adult patients, our success rate was 91 percent (52 of 57 
patients). Fisher et al.” described induction of ventric- 
ular tachycardia in 95 percent of 19 patients with ven- 
tricular tachycardia, 68 percent of whom had coronary 
artery disease and 16 percent a ventricular aneurysm. 
The clinical and laboratory duration of ventricular 
tachycardia (that is, sustained versus nonsustained) was 
not presented. In contrast, other investigators have 
reported a much lower success rate of ihduction of 
ventricular tachycardia in patients with sustained 
ventricular tachycardia clinically. Wellens et al? in- 
duced ventricular tachycardia in only 29 of 50 patients 
with sustained ventricular tachycardia. However, ven- 
tricular tachycardia was induced in 86 percent (18) of 
the 21 patients with a history of chronic coronary artery 
disease. Denes et al? were able to induce ventricular 
tachycardia reproducibly in only 2 of 11 patients with 


clinical ventricular tachycardia, neither of whom had 
a primary diagnosis of arteriosclerotic heart disease. The 
differences in results from these laboratories probably 
reflect differences in patient population and stimulation 
techniques. 

The incidence of chronic coronary artery disease 
and, in particular, of left ventricular aneurysm is large 
in our patients. We believe that a broad spectrum of 
techniques of programmed ventricular stimulation, 
including ventricular extrastimuli delivered during 
multiple paced cycle lengths and stimulation at multiple 
sites in the left as well as the right ventricle, is essential 
before one can state that ventricular tachycardia is truly 
noninducible. In 6 (11.5 percent) of our 52 patients with 
induced sustained ventricular tachycardia, the tachy- 
cardia was reproducibly initiated only from the left 
ventricle. 

Patients with spontaneous nonsustained ventricular - 
tachycardia constitute a more heterogeneous group 
than those with sustained ventricular tachycardia. 
Fewer patients have prior myocardial infarction and 
aneurysm, despite a 45 percent incidence rate of coro- 
nary artery disease. Thirty-one percent of these patients 
had no known heart disease. The mechanisms of ven- 
tricular tachycardia in this group of patients are prob- 
ably varied but have not been well studied, in part be- 
cause laboratory duplication of ventricular tachycardia 
has been less successful in this group. Denes et al. were 
unable to induce ventricular tachycardia in any of their 
16 patients with nonsustained ventricular tachycardia. 
Our ability to induce ventricular tachycardia in 62 
percent of our 29 patients with clinical nonsustained 
ventricular tachycardia may have been due to differ- 
ences in stimulating techniques. 

Our patients with clinical nonsustained ventricular 
tachycardia represent a selected population generally 
referred or monitored because of palpitations or syn- 
cope, or both. The actual incidence and clinical signif- 
icance of nonsustained ventricular tachycardia in the 
general population is unknown. In patients with cardiac 
disease, nonsustained ventricular tachycardia docu- 
mented during Holter monitoring is usually asymp- 
tomatic.**?3 Whether electrophysiologic studies or 
antiarrhythmic therapy, or both, is useful in asymp- 
tomatic patients remains controversial, because the 
need for treating these arrhythmias is not estab- 
lished. 

Some patients with clinical nonsustained ventric- 
ular tachycardia could be classified into three 
subgroups. In some patients, presumably those whose 
ventricular tachycardia is ischemia-related or cate- 
cholamine-dependent, or both, exercise testing may 
reveal the presence of ventricular arrhythmias not ob- 
served during long-term ambulatory monitoring.?4 In 
general, however, 24-hour Holter monitoring is con- 
sidered more sensitive in detecting ventricular ar- 
rhythmias.” The electrophysiologic laboratory may be 
useful in further delineating mechanisms and therapy 
in patients who do manifest ventricular tachycardia 
during exercise testing and may be able to simulate 
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some of the physiologic conditions of exercise testing 
in patients unable to undergo such testing because of 
physical limitations. 

With regard to our observations of torsade de pointes, 
we suggest that laboratory induction of this arrhythmia 
is clinically significant and may portend vulnerability 
of the patient to life-threatening arrhythmias; we!? and 
others?9 have noted a tendency of torsade de pointes to 
degenerate into ventricular fibrillation. The ability to 
induce this arrhythmia in patients in whom it has been 
documented clinically? makes it possible to consider 
use of programmed ventricular stimulation in evaluat- 
ing antiarrhythmic therapy in these patients. 

Therapeutic implications: Electrophysiologic 
testing appears to be a sensitive and specific method of 
initiating sustained ventricular tachycardia and as a 
result has been used to develop pharmacologic, pacing 
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and surgical therapy in this arrhythmia. Although the 
clinical significance of nonsustained ventricular 
tachycardia is unknown, electrophysiologic testing may 
provide useful data upon which to base therapy in cer- 
tain symptomatic patients, particularly those with 
torsade de pointes or exercise-induced ventricular 
tachycardia who have a reasonable chance of having the 
arrhythmia reproduced in the laboratory. Prospective 
studies are necessary to demonstrate the utility of this 
technique toward this end. 
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Forty-one of 525 consecutively studied patients had sustained (2 or more 
minutes) atrial flutter in response to programmed atrial simulation. Of these 
41 patients, 31 had previously documented spontaneous atrial flutter or 


fibrillation, or both, and 10 had paroxysmal Palpitations without docu- _ 


mentation of the cause. Programmed atrial stimulation and atrial endo- 
cardial mapping were used to analyze the substrate of atrial conduction 
as well as the mode of initiation and termination of flutter. Atrial conduction 
defects were present in 36 of the 41 patients. Atrial flutter was induced 
by one or two atrial extrastimuli in 31 patients. In most of these patients 
the onset of flutter was characterized by a brief period of irregular atrial 
activity in one or more intracardial leads. Stimulation from the high right 
atrium was more successful (29 of 31 patients) than that from the coronary 
sinus (6 of 12 patients). Rapid atrial pacing at cycle lengths of 350 to 200 
ms initiated flutter in 29 of 35 patients in whom it was attempted (in 27 
of 35 from the high right atrium and in 10 of 18 from the coronary sinus). 
Termination of flutter was accomplished by rapid pacing in 34 patients 
at cycle lengths 20 to 55 ms less than the flutter cycle length. Failure to 
terminate flutter was associated with local areas of atrial fibrillation in 
one or more intracardiac leads. 


The mechanism of atrial flutter remains uncertain despite more than 
a half century of investigation. Although reentry is considered the 
mechanism for the “common” form of flutter, many workers!-? still 
consider flutter, especially the *uncommon" form, to be automatic. 
Recently, elegant experimental studies!9-!? in rabbit and canine atrial 
models, using multiple (more than 100) microelectrode or plaque elec- 
trode recording sites, strongly support reentry as the cause of stimula- 
tion-induced flutter. Programmed atrial stimulation, including rapid 
atrial pacing and the introduction of atrial extrastimuli, has recently been 
employed to study atrial vulnerability, fibrillation and, to a lesser extent, 
atrial flutter.®-8:14.15 Our report describes in detail our experience with 
41 patients in whom atrial flutter could be induced by programmed atrial 
stimulation. We present our data on the use of programmed atrial 
stimulation and atrial endocardial mapping to: (1) analyze the clinical 
and electrophysiologic substrate of atrial conduction and refractoriness 
in patients with atrial flutter and (2) assess the mode of initiation and 
termination of flutter. 


Methods 


Patients: In 41 of 525 patients in the clinical electrophysiology laboratory 
at this hospital studied consecutively from J uly 1975 to June 1979, atrial flutter 
developed in response to programmed atrial stimulation. These 41 patients form 
the basis of this report (Table I). There were 24 men and 17 women ranging in 
age from 23 to 79 years. Thirty-one patients had organic heart disease, with 
coronary artery disease (11 patients), hypertensive cardiovascular disease (7 
patients) or both (8 patients), being the most common. 
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Intracardiac recordings: All patients underwent cardiac 
catheterization in the nonsedated postabsorptive state after 
informed written consent was obtained. In each patient all 
cardiotonic and antiarrhythmic agents were discontinued for 
48 to 72 hours before the study. In each patient two to five 
electrode catheters with an interelectrode distance of 1 cm 
were inserted percutaneously and positioned in the heart 
under fluoroscopic control. In all patients catheters were po- 
sitioned in the high right atrium, the His bundle recording 
position, and the right ventricular apex. An additional cath- 
eter was inserted in the coronary sinus in 36 patients, and in 
22 patients a separate bipolar catheter was inserted and used 
for mapping. In the absence of the mapping catheter, the 
catheter originally positioned in the high right atrium was 
moved to various sites within the atria for mapping activation 
and stimulation during sinus rhythm and atrial flutter. 
Standard atrial mapping sites, including the high, mid and low 
lateral right atrium, the atrioventricular (A-V) junction at the 
His bundle recording site and the mid and distal coronary 
sinus, were recorded along with the duration of the P wave as 


previously described. During atrial flutter other positions 
were recorded from the right or left atrium, or both. 

Atrial stimulation technique: Atrial stimulation was 
carried out using a custom-designed programmable stimulator 
and an optically isolated constant current source (Bloom 
Associates, Inc, Narberth, Pennsylvania). Stimuli were 1 ms 
rectangular pulses and were delivered at twice diastolic 
threshold in all instances. The stimulation protocol included 
rapid atrial pacing (600 to 200 ms) from the high right atrium 
and, whenever possible, for the coronary sinus. In addition, 
one or two atrial extrastimuli were delivered after every eighth 
spontaneous or paced atrial complex from the high right 
atrium in 37 patients and from the coronary sinus in 12. 
Stimulation at other atrial sites was not systematically per- 
formed. In 27 patients atrial extrastimuli were delivered at 
multiple drive cycle lengths. 

All intracardiac recordings were simultaneously displayed 
with two or three surface electrocardiographic leads on a 
switchbeam oscilloscope (model DR-16, Electronics for 
Medicine, White Plains, New York). Data were stored on 


TABLE | 
Summary of 41 Patients 
Age (yr) Cardiac Clinical Documented 
Case & Sex Diagnosis Electrocardiogram History Arrhythmias 
1 55M HCVD IACD, LVH Palp 2 yr AFI, AF 
2 70M HCVD, CAD IACD, LVH, IMI Palp 3 mo AFI, AF 
3 42F None NI Palp 6 mo None 
4 63M CAD IACD, IMI Palp 2 mo None 
5 68M Cor pulmonale RVH Palp 3 yr AFI, AF 
6 51M CAD IACD, IMI Palp, dizziness 3 yr SB, AFI, AF 
T 49F HCVD IACD, LVH Palp, dizziness 6 mo None 
8 52M CAD AMI Palp 2 mo None 
9 75F HCVD, CAD IACD, LVH,-IMI Palp 4 yr AF, AFI 
10 71M CAD AMI Palp AF 
11 47M RHD, HCVD LVH, IACD Palp 2 yr AF, AFI 
12 43F None NI Palp, dizziness None 
13 40F Thyrotoxicosis WPW Palp 2 mo AFI, AF, SVT 
14 65M CAD IMI Palp APDs 
15 35M None NI Palp AF, AFI 
16 72M CAD, HCVD AMI, LVH Palp AF, AFI 
17 63F CAD, HCVD LVH Palp None 
18 79M CAD IACD Palp 12 yr AF, AFI, SB 
19 35M MVP IACD Palp 4 yr SVT, AFI, AF 
20 55M None IACD Palp 4 yr AFI, VT 
21 72F HCVD, CAD IACD, LVH Palp 1 yr AFI, AF 
22 39M None NI Palp 3 mo AFI, AF 
23 72F HCVD, CAD IACD, LBBB Palp 20 yr SVT, AF, AFI 
24 57M CAD IACD, IMI Palp 1 yr AFI, AF, VT 
25 48M None NI Palp 8 yr VT 
26 62M CAD, HCVD LVH, AMI Palp 8 yr VF, AF, AFI 
27 66M CAD, HCVD LVH, IACD, IMI Palp 3 yr AF, AFI, SVT 
28 59F None IACD, LBBB Palp 2 mo AFI 
29 51M CAD RBBB Palp on ex AFI, VT 
30 44F HCVD LVH, IACD Palp 4 yr AFI, AF, SVT 
31 31F None IACD Palp 4 yr AFI, AF, SVT, VT 
32 58F HCVD, thyrotoxicosis IACD, LBBB Palp 2 yr AFI, AF 
33 68M CAD IACD, AMI, IMI, IVCD Palp post MI None 
34 59F None IACD, LBBB Syncope None 
35 65M CAD IMI, AMI Palp post MI VT, AFI, AF 
36 40F CAD IACD Palp 1 yr AF, AFI 
37 23M CM IACD, IVCD Palp 2 yr, syncope X4 AFI, SVT, VF 
38 64F HCVD IACD, LVH Palp 6 mo AF, AFI 
39 40M HCVD IACD, LVH Palp 3 yr AFI, AF, SVT 
40 26F None IACD Palp 8 yr SVT, AFI, AF 
41 63F ASD IACD, RBBB, LAH Palp >10 yr AFI, AF 


AF = atrial fibrillation; AFI = atrial flutter; AMI = anterior myocardial infarction; APDs = atrial premature depolarizations; ASD = atrial septal 
defect: CAD = coronary artery disease; HCVD = hypertensive cardiovascular disease; IACD = intraatrial conduction defect; IMI = inferior myocardial 
infarction; IVCD = intraventricular conduction defect; LAH = left anterior hemiblock; LBBB = left bundle branch block; LVH = left ventricular hy- 
pertrophy; MI = myocardial infarction; mo = month; MVP = mitral valve prolapse; NI = normal; Palp = palpitations; RBBB = right bundle branch 
block; RHD = rheumatic heart disease; RVH = right ventricular hypertrophy; SB = sinus bradycardia; SVT = supraventricular tachycardia; VF 
= ventricular fibrillation; VT = ventricular tachycardia; WPW = Wolff-Parkinson-White conduction. 
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magnetic tape and later retrieved on photographic paper at 
speeds of 100 to 200 mm/s. Care was taken to assure that all 
equipment was properly grounded. 


Results 


Of the 41 patients with laboratory-induced atrial 
flutter, 31 had documented spontaneous atrial flutter 
(30 patients) or fibrillation (27 patients), or both, and 
10 had a history of paroxysmal palpitations without 
documentation of a tachyarrhythmia (Table I). Nine 
with clinical flutter also had paroxysmal supraventric- 
ular tachycardia previously documented (A-V nodal 
reentry in six and reentry using an A-V bypass tract in 
three). Eight patients with severe coronary artery dis- 
ease had experienced ventricular tachycardia (six pa- 
tients) or ventricular fibrillation (two patients) in ad- 
dition to atrial flutter. Conversely, 40 of 525 patients 


TABLE Il 
Atrial Conduction and Refractory Periods ( ms) 


P-LRA  P-CSm P-CSd 


Case P Wave (35-55) (50-75) (60-90) ERP-RA* ERP-CS* 
peer a PEDES DUC REFERS Ee dl Mr ^ PS cdi en d at 


1 120 60 DA bes 220 za 
2 115 55 80 y 265 260 
3 90 60 90 100 220 220 
4 130 60 E a 130 240 be 
5 100 60 dd bu; 200 
6 120 40 80 WE 290 
7 110 25 t+ iud 170 
8 100 50 x 100 200 
9 130 45 be 130 180 
10 110 40 -— 110 250 A 
11 150 50 110 135 270 260 
12 100 40 inn 110 250 ae 
13 80 48 65 60 220 250 
14 100 50 ie 100 200 pd 
15 60 45 Tr 90 260 
16 100 40 x dd LM Ed 
17 80 30 85 d 280 
18 120 60 "UP 120 220 
19 120 48 T? 115 190 M 
20 110 35 85 110 210 270 
21 130 28 ky "s 100 ab. va 
22 100 30 80 t 290 
23 110 50 95 Av 150 
24 125 60 95 100 230 "T 
25 98 38 80 dis 220 240 
26 100 45 MU 90 240 290 
27 130 80 120 130 240 an 
28 120 65 105 Ms 210 220 
29 90 45 80 Wr TM "e 
30 110 40 pe 95 210 250 
31 120 30 65 ias 210 sa 
32 130 55 125 135 es éd 
33 125 75 stp: 125 230 220 
34 120 58 85 110 200 re 
35 100 55 YE 90 230 
36 130 50 100 quet 200 AN. 
37 140 60 125 135 230 240 
38 125 55 105 S 260 cnt 
39 118 71 100 git 240 230 
40 120 40 115 115 200 Bg 
41 160 130 135! ES 250 $i. 
Mean 113 51 98 110 226 24.6 
XSEM 2.9 2.8 3.8 3.8 5.3 6.3 


ENT cuu Scar tr ccs ann o M EE An PAUSA ea a NND 


* ERP done at a paced cycle length of 600 msec. 

t Recorded from left atrium through a patent foramen ovale. 

CS = coronary sinus; CSd = distal coronary sinus; CSm = mid 
coronary sinus; ERP = effective refractory period; LRA = low right 
atrium; RA = right atrium. 


studied in our laboratory have had documented atrial 
flutter and in 31 (78 percent) the arrhythmia could be 
replicated by programmed stimulation. 


Atrial Conduction and Refractoriness 


Twenty-seven patients manifested an intraatrial 
conduction defect in the surface electrocardiogram, that 
is, P wave duration 110 ms or longer (Table II). The 
mean P wave duration was 113 + 2.9 ms. In 21 patients 
the P wave duration was 120 ms or longer. Twenty of 
these patients met criteria for a left atrial abnormality 
(negative P terminal force in lead Vi of 0.04 mV-s), 
whereas the remaining seven demonstrated a broad P 
wave without a large negative terminal delay. The mean 
right intraatrial conduction time was 51 + 2.8 ms. Pro- 
longed right intraatrial conduction time wave (P 
wave-low right atrium interval greater than 55 ms) was 
observed in 12 patients. Prolongation of interatrial 
conduction, that is, either P to proximal or P to distal 
coronary sinus, was observed in 33 patients. The mean 
and standard error of these conduction times was 98 + 
3.8 and 110 + 3.8 ms, respectively. Only 5 of the 41 pa- 
tients had no abnormality of P wave duration or intra- 
or interatrial conduction times. 

Atrial refractory periods were determined in the high 
right atrium (37 patients) and in the coronary sinus (12 
patients) at a basic paced cycle length of 600 ms (Table 
II). The mean effective refractory period was 226 + 5.3 
and 246 + 6.3 ms, respectively. These values fall within 
our range of normal (250 + 60 ms) at a paced cycle 
length of 600 ms. In 12 other patients refractory periods 
were determined at multiple cycle lengths. 
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FIGURE 1. Initiation of atrial flutter by a single atrial extrastimulus. Leads 
|, aVF and V, are displayed with intracardiac leads from the high right 
atrium (HRA), coronary sinus (CS), His bundle region (HBE) and right 
ventricle (RV). A single atrial extrastimulus (arrow, A,) at a coupling 
interval of 200 ms initiates atrial flutter. At the onset of flutter there is 
marked irregularity of repetitive atrial responses, particularly in the high 
right atrium and His bundle region, that is associated with fractionated 
activity in the His bundle region. See text for discussion. T — time 
lines. 
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Initiation of Atrial Flutter 


Atrial extrastimuli: The most common method of 
initiation of atrial flutter was the introduction of atrial 
extrastimuli (Table III). Atrial flutter was induced in 
31 of 41 patients using single (19 patients) or double (14 
patients) atrial extrastimuli, or both. (In two patients 
a different number of stimuli were required from dif- 
ferent sites.) Atrial extrastimuli from the high right 
atrium initiated flutter in 29 of 41 patients, whereas 
stimuli from the coronary sinus were able to initiate 


TABLE Ill 


Case Site 81 S» S583 
1 HRA 225-240 M 
2 HRA 300 220 
CS Pie Yen 
3 HRA 230-240 UM. 
E HRA 300 220-250 
5 HRA 220-230 um 
6 HRA 300 270-280 
7 HRA 3 
8 HRA E 
9 HRA 200-220 
CS ^ TM 
10 HRA 300 250-270 
11 HRA 280 we 
CS 280 280 
12 HRA 280 220-230 
13 HRA 230-250 nh 
CS 300 260-280 
14 CS DT Te 
15 HRA 
CS ye 
16 HRA 220-270 on 
17 HRA 300 240 
18 HRA 230-300 $ 2d 
CS i 
19 HRA 200-220 
20 HRA 220 
CS ac 
21 HRA 
22 HRA spt 
23 HRA 270 
CS oi 
24 HRA ait 
25 HRA 260-300 
26 HRA vx 
CS "e d 
27 HRA 250 260 
28 HRA 220-250 T 
CS 230-250 
29 HRA 190-220 
30 HRA 220-260 
CS 260-280 
31 HRA 170-210 
32 HRA 190-220 AW 
33 CS 230-260 190 
34 HRA 210-220 130 
35 HRA Mcr ned 
36 HRA isi. ete 
37 HRA 240-280 180-190 
38 HRA 270-300 wel à 
39 CS 240 140 
40 HRA 210-240 ss 
41 HRA 280-300 180-220 


flutter in 6 of 12 patients. In two patients (Cases 33 and 
39) coronary sinus stimulation was successful in in- 
ducing atrial flutter when high right atrial stimulation 
had failed. The initiation of flutter by atrial extrastimuli 
was usually accompanied by early irregularity of the 
intracardiac electrograms, which, although usually 
discrete, often passed through a brief (1 to 2 seconds) 
period of fractionated, continuous activity characteristic 
of atrial fibrillation in one or more electrograms before 
stabilization into typical flutter (Fig. 1). The immediate 


CL of Mode of Termination 
PCL Flutter * Site PCL 
200 220 HRA 190 
250 230 HRA 200 
250 230 CS 200 
200 200 HRA 180 
n 200 HRA 175 
220 200 HRA 160 
250 255 HRA 200 
200 220 HRA 180 
200 210 CS 180 
200 200 HRA 160 
200 200 CS 160 
MN. 220 DC cardioversion 
260 240 CS 20 
250 240 
x 200 DC cardioversion 
M 220 HRA 170 
uie 220 CS 170 
200 210 CS 180: 
200 220 HRA 200 
200 220 CS 190 
T 200 DC cardioversion 
n 220 HRA 190 
200 230 HRA 200 
200 230 CS 200 
200 220 HRA 200 
220 210 HRA 180 
220 a CS 170 
220 200 HRA 170 
300 240 HRA 200 
220 200 CS 160 
220 200 
200 220 HRA 190 
200 200 HRA 170 
300 240 HRA 200 
300 "290 CS 200 
200 220 HRA 200 
SEN 200 CS 160 
250 200 
350 200 Spontaneous 
gn 230 C 
200 230 
200 200 HRA 160 
210 220 HRA 190 
"S 180 CS 150 
200 190 HRA 160 
300 220 HRA 200 
200 210 Spontaneous 
ap ys 200 DC cardioversion 
ds 250 HRA 200 
i as 190 Spontaneous 
250 220 HRA 1 
NA 240 HRA 200 
Mean 215 183 
+SEM 2.7 2.8 


SSE CORE TURIS IS BN | UPR AR nO ea P< aaa E REREA 


* Mean value of 10 consecutive cycles. 


‘CL = cycle length; CS = coronary sinus; DC = direct current; HRA = high right atrium; PCL = paced cycle length; SEM = standard error of the 
mean, S485, = coupling interval of first atrial extrastimulus; S284 = coupling interval of second ventricular extrastimulus. : 
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appearance of a stable flutter after atrial extrastimuli 
was uncommon. 

Effect of cycle length on atrial vulnerability: In 
seven patients basic drive cycle lengths of 500 ms or less 
were required to initiate atrial flutter. An example of 
this inverse relation of cycle length to ability to initiate 
flutter is shown in Figure 2. In this illustration, stimu- 
lation during paced cycle lengths of 600 and 500 ms 
produced only single repetitive atrial responses. How- 
ever, when the basic drive cycle length was reduced to 
450 ms, sustained atrial flutter was initiated. In this and 
other cases the increased ability to initiate flutter at 
shorter cycle lengths was related either to a decrease in 
refractoriness, which allowed closer coupled atrial de- 





polarizations to be delivered, or to an actual increase in 
vulnerability; that is, at the same coupling intervals the 
greater number of repetitive responses or sustained 
arrhythmia could be initiated. The zone of prematurity 
during which flutter was initiated was relatively narrow 
(usually 10 to 70 ms) and always occurred near atrial 
refractoriness. In 25 of 31 cases latency was observed 
before initiation of flutter; thus, initiation occurred in 
the relative refractory period of atrial tissue at the 
stimulation site. 

Rapid atrial pacing and coronary sinus pacing: 
Rapid atrial pacing at cycle lengths of 350 to 200 ms 
initiated atrial flutter in 29 of 35 patients in whom it was 
attempted. Flutter was initiated by pacing in the high 


FIGURE 2. Effect of cycle length on atrial vul- 
nerability. In all panels leads Il and V, are dis- 
played with a high right atrial electrogram (HRA). 
Atrial vulnerability to repetitive responses and 
atrial flutter is increased at a cycle length of 450 
ms (panel C) relative to cycle lengths of 600 and 
500 ms (panels A and B). See text for discus- 
sion. 
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right atrium in 27 of 35 patients in whom this site was 
tested and by sinus pacing in the coronary sinus in 11 
of 18 patients in whom this site was stimulated. In four 
patients (Cases 5, 19, 24 and 40) high right atrial pacing 
was successful in initiating flutter whereas coronary 
sinus pacing failed, and in three patients (Cases 14, 18 
and 30) coronary sinus pacing was successful when high 
right atrial pacing had failed. Although the paced cycle 
lengths required to initiate flutter were usually 200 to 
250 ms, in five patients (Cases 11, 22, 26, 29 and 35) 
longer cycle lengths were capable of initiating the ar- 
rhythmia (Table III). In one patient (Case 29) high right 
atrial pacing at a cycle length of 350 ms reproducibly 
initiated atrial flutter (Fig. 3). The induction of flutter 
by rapid atrial pacing was frequently associated with an 
alteration in the configuration or timing of the local 
atrial electrogram recorded near the stimulus site (Fig. 


. 3). As with atrial premature depolarizations, the initial 


5 to 20 cycles of atrial flutter were either typically ir- 
regular and discrete (Fig. 3) or demonstrated “‘fibrilla- 
tion-like" activity. 


Termination of Flutter 


Rapid atrial or coronary sinus pacing: Rapid atrial 
pacing was capable of terminating atrial flutter in 34 of 


FIGURE 3. Induction of atrial flutter by rapid atrial 
pacing. Top, leads |, Il and V, are shown with high right 
atrial (HRA) and His bundle (HBE) electrograms. 
Panels A and B are continuous. Pacing at 350 ms is 
begun in panel A (narrow arrows). When the atrial 
electrogram becomes fragmented (broad arrow, Vi 
panel B), flutter is initiated. Bottom, electrocardio- 


the 41 patients (Table III). In three patients flutter 
terminated spontaneously and in four direct current 
cardioversion was required after attempts at rapid 
pacing had failed. Successful termination was critically 
dependent on the cycle length and the duration of 
pacing. Termination could be accomplished by coronary 
sinus pacing (7 patients), high right atrial pacing (20 
patients), or both (7 patients). 'The relative success rate 
in either site could not adequately be assessed because 
stimulation from both sites was not universally at- 
tempted. In no instance could single or double atrial 
extrastimuli terminate flutter. In 27 patients, pacing at 
90 to 55 ms less than the cycle length of the flutter (33 
to 80 beats/min faster than the flutter rate [110 to 129 
percent of the flutter rate]) was successful in directly 
converting flutter to sinus rhythm. The mean flutter 
cycle length was 215 ms and that required for termina- 
tion of flutter was 183 ms. Termination usually required 
10 to 30 seconds of pacing and in two instances it re- 
quired more than 1 minute. In seven patients termina- 
tion of flutter was preceded by one or more repetitive 
atrial responses or a brief (less than 5 seconds) period 
of atrial fibrillation. 

Direct current cardioversion: In the four patients 
requiring direct current cardioversion, pacing cycle 
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lengths less than 75 ms the cycle length of the flutter 
(equal to or greater than 135 percent of the flutter rate) 
resulted in atrial fibrillation that did not spontaneously 
convert. In these four patients one or more local elec- 
trograms were observed to be in and out of a “fibrillation 
state" throughout apparent atrial flutter and could 
therefore be considered atrial flutter-fibrillation. 
Atrial electrograms during termination of flut- 
ter: In 10 patients in whom atrial flutter was success- 
fully converted directly to sinus rhythm, multiple (five 
or more) atrial sites were recorded during atrial pacing. 
In each of these patients who had direct conversion to 
sinus rhythm, periods of entrainment, as described by 
Waldo et al.,7 could be observed without termination 
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of the arrhythmia. Only when a change in the relation 
between several atrial electrograms occurred was flutter 
terminated (Fig. 4). 


Discussion 


Initiation and Termination of Flutter 


Our data suggest that initiation of atrial flutter in the 
laboratory correlates with the clinical presence of the 
arrhythmia. Inducible atrial flutter occurred only in 
patients who had clinical atrial flutter or fibrillation, or 
both (31 patients), or who at least had a history of pal- 
pitations (10 patients). Conversely; programmed atrial 
stimulation offers a reasonably good tool to reproduce 


FIGURE 4. Termination of atrial flutter by rapid atrial 
pacing. Leads II and V, are shown with intracardiac re- 
cordings from the high (hi), mid and low (lo) atrial septum 
(AS), atrioventricular junction (AVJ) and coronary sinus 
(CS) in all three panels. Slow (quinidinized) flutter at a 
cycle length of 300 ms and activation pattern of flutter 


p ^ V | 1 Doy | v is demonstrated in panel A. Progressively shorter cycle 
C$ amh) ny (|r lengths (260 and 240 ms, panels B and C, respectively) 





convert flutter to sinus rhythm only when the relation of 
the coronary sinus and atrioventricular junction electro- 
grams is altered (panel C). See text for discussion. ` 
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clinical atrial flutter, because in approximately 80 
percent of patients (31 of 40) with spontaneous flutter 
the arrhythmia was inducible in the laboratory. Clini- 
cally, the reproducible initiation of an arrhythmia is 
important because it provides an objective basis on 
which to base pharmacologic or pacing therapy, or both, 
analogous to that devised’ for supraventricular and 
ventricular tachycardias.!9-1* 

Relation of atrial conduction defects and re- 
fractoriness to atrial flutter: Our experience supports 
recent human and animal data!??? suggesting that 
prolonged intra- or interatrial conduction, or both, may 
be a prerequisite to the development of flutter. It is re- 
markable that only five of our patients had no prolonged 
P wave, right intraatrial conduction defects or inter- 
atrial conduction defects. Because we previously showed 
that a prolonged P wave represents an intraatrial con- 


. duction defect»?! it would be of interest to evaluate its 


significance as a marker for development of atrial 
flutter. 

The observed flutter cycle lengths of 180 to 225 ms 
bear a striking resemblance to the atrial refractory pe- 
riods obtained during the study (150 to 290 ms). Given 
the slight decrease in atrial refractoriness at shorter 
cycle lengths, it appears that the flutter cycle length 
may be a direct function of atrial refractoriness. These 
observations are compatible with the model of atrial 
flutter (the leading circle concept) of Allessie et al.10-1? 
In this model the impulse takes the shortest route that 
can circulate, resulting in the leading edge encountering 
tissue that has just recovered enough excitability to be 
reactivated. Thus, the cycle length of flutter would be 
determined by the refractoriness of the tissue and not 
by the length of the reentrant circuit or atrial conduc- 
tion velocity. 

Initiation of flutter: Several interesting observa- 
tions about initiation of flutter were apparent in this 
study. First, atrial extrastimuli could more consistently 
initiate atrial flutter when delivered from the high right 
atrium than from the coronary sinus. The explanation 
is unavailable from the present data. Recent studies by 
Boineau et al.!? suggest that the anatomic structure in 
the canine right atrium, that is, the many orifices and 
trabeculae around which the impulse must travel, pro- 
vides a favorable substrate particularly when stimula- 
tion is performed from the high right atrium. This an- 
atomic correlation probably holds true for human 
beings. 

Second, the initiation of atrial flutter was often ac- 
companied by transient irregularity of local atrial 
electrograms that may be discrete or continuous and 
fractionated (*fibrillatory") before organization to 
stable flutter. This early irregularity of local responses 
has been noted clinically in patients monitored during 
the development of atrial flutter after open heart sur- 
gery.?? These early irregular and rapid responses may 
result from the initial changes noted at the onset of the 
development of experimental flutter!0-!? or in fact may 
be required to shorten refractoriness enough or to in- 
duce unidirectional block, or both, two prerequisites for 
the development of flutter due to reentry. 


We have demonstrated an inverse relation of cycle 
length to the ability to induce atrial flutter in a number 
of patients. Recent data from Engel and Gonzales! and 
Wyndham et al.!? show that atrial vulnerability to re- 
petitive atrial responses is increased at shorter drive 
cycle lengths. The mechanism of enhanced vulnerability 
at these shorter cycle lengths may be due to: (1) a cycle 
length-dependent decrease in atrial function refracto- 
riness, thus allowing A» to be delivered at shorter cou- 
pling intervals that would be more likely to produce 
reentrant responses: (2) an actual increase in vulnera- 
bility; and (3) the development of triggered automa- 
ticity.23 In practice, the separation of an increase in 
vulnerability from the development of triggered auto- 
maticity is extremely difficult if not impossible. Thus, 
when trying to initiate atrial flutter, testing at multiple 
cycle lengths, including cycle lengths of 500 and 400 ms, 
may be necessary. This is of practical importance when 
attempting to evaluate the cause of palpitations in a 
patient with these recurrent symptoms. 

Termination of flutter: We and others^9?* have 
found it impossible to convert flutter to sinus rhythm 
by asingle atrial extrastimulus, which suggests that: (1) 
atrial flutter, if reentrant, is a small focus circuit; (2) 
interatrial conduction during flutter is slow; and (3) the 
reentrant circuit is as small as physiologically possible 
as determined by the functional electrophysiologic 
properties of atrial tissue, therefore leaving no excitable 
gap between the head and tail of the wave front that 
could be depolarized by atrial extrastimuli. Experi- 
mental data!9-!? suggest that all of these factors may be 
present. 

Sustained rapid pacing from either the right atrium 
or the coronary sinus was exceedingly successful in 
terminating atrial flutter in our patients (34 of 41 pa- 
tients). Like Waldo et al., we noted that successful 
termination was critically dependent on the rate and 
duration of pacing. Direct conversion to sinus rhythm 
(27 patients) resulted when the atria were paced at cycle 
lengths of approximately 75 to 90 percent of the flutter 
cycle length (110 to 130 percent of the flutter rate). 
Pacing at shorter cycle lengths produced atrial fibril- 
lation that did not spontaneously convert to normal 
sinus rhythm and required cardioversion in four pa- 
tients. As described by Waldo et al.,° termination of 
flutter to normal sinus rhythm is uniformly accompa- 
nied by a change in the morphologic characteristics of 
the flutter wave in the inferior leads during pacing. 
However, using multiple simultaneous atrial recordings, 
we have observed that rapid atrial pacing may depo- 
larize much of the atrium and change these morphologic 
characteristics without affecting the flutter circuit. Only 
when the flutter focus is penetrated and depolarized 
does the arrhythmia terminate. 

Causes for failure to terminate flutter by rapid atrial 
pacing are: (1) nonpenetration of the flutter focus; (2) 
“impure flutter,” a state in which parts of the atria have 
regular flutter activity and others are fibrillating; or (3) 
the mechanism of the flutter, which was a typical au- 
tomatic focus (automatic atrial tachycardia) that cannot 
be terminated by pacing. In our experience, the most 
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common cause of failure to terminate flutter is that part 
of the atria are fibrillating. 


Clinical Implications 


Electrophysiologic mechanism of flutter: Al- 
though the ability to initiate and terminate atrial flutter 
by programmed stimulation is suggestive of a reentrant 
mechanism, it is difficult to prove conclusively that the 
electrophysiologic mechanism of flutter is due to reentry 
rather than triggered automaticity. The evidence for a 
relation between flutter cycle lengths and atrial re- 
fractoriness is suggestive of a reentrant mechanism 
consistent with the leading circle concept proffered by 
Allessie et al.10-1? The association of flutter with pro- 
longed intraatrial conduction is also supportive. 

Response to pharmacologic agents: Information 
regarding the possible electrophysiologic mechanism 
underlying atrial flutter can be derived from the be- 
havior of the arrhythmia in response to pharmacologic 
agents as well. The increase in flutter cycle length in- 
duced by procainamide, quinidine and other type I 
agents that increase atrial refractoriness?5-?7 and 
prolong atrial conduction lends further support to the 
theory of reentry. These drugs are ineffective in abol- 
ishing triggered automaticity.28 

Verapamil, which has been shown to abolish abnor- 
mal automaticity in animal tissues and in tissues ob- 
tained from human atria at operation, would be ex- 
pected to abolish atrial flutter if it were due to slow 
channel-dependent triggered automaticity.2829 Yet the 


results of multiple clinical trials of verapamil show a 
very low success rate of conversion of flutter to sinus 
rhythm.*9° These data suggest that most cases of atrial 
flutter are not due to triggered automaticity. 

Because recent experimental data?! demonstrate that 
digitalis can cause tachyarrhythmias by triggering af- 
terpotentials, termination or slowing of the flutter in 
response to digitalis militates against abnormal auto- 
maticity as a mechanism of an atrial flutter that can be 
initiated and terminated by programmed stimula- 
tion. 

Intraatrial reentry: the mechanism for flutter: 
Despite the demonstration of triggered automaticity in 
human atrial tissue, we believe that atrial flutter and 
fibrillation induced by programmed stimulation are due 
to reentry. The relation of these arrhythmias to dis- 
persion of refractoriness (experimental models), asso- 
ciation with intraatrial conduction disturbances and 
response to various pharmacologic agents support this 
contention. Flutter and fibrillation can be best under- 
stood in terms of a unified concept of intraatrial reentry 
based on functional and anatomic properties. 
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Graded treadmill exercise testing was performed in 54 patients with the 
Wolff-Parkinson-White syndrome and preexcitation (persistent in 36, 
intermittent in 9 and concealed in 9). Forty-eight patients had previous 
paroxysmal supraventricular arrhythmia (spontaneous or induced or both). 


At initiation of treadmill testing, the nine patients with intermittent and the 


nine with concealed preexcitation had normal conduction. None mani- 
fested preexcitation during exercise. Thirty-six patients had preexcitation 
at initiation of exercise; exercise produced no change in preexcitation 
in 2, partial normalization of the QRS complex in 16 (due to enhanced 
atrioventricular [A-V] nodal conduction), and total normalization of the 
QRS complex in 18 (due to enhanced A-V nodal conduction in 14 and to 
rate-dependent anomalous pathway block in 4). Exercise-provoked block 
of the anomalous pathway reflected prolonged anomalous pathway re- 
fractoriness, as measured with atrial stimulation. All 18 patients with either 
total or partial preexcitation at peak exercise manifested more than 1 mm 
flat or downsloping S-T segment depression. None had evidence of 
ischemic heart disease. None of the 54 patients manifested either par- 
oxysmal supraventricular tachycardia or atrial fibrillation during or after 
treadmill exercise. 

Treadmill exercise testing in patients with preexcitation frequently 
produces partial or total normalization of the ORS complex due to en- 
hanced A-V nodal conduction and, less commonly, total normalization 
due to rate-dependent block of the anomalous pathway. False positive 
S-T segment changes (suggesting ischemia) are always present in pa- 
tients manifesting preexcitation during treadmill testing. Treadmill exercise 
testing in patients with preexcitation does not provoke paroxysmal su- 
praventricular tachycardia or atrial fibrillation and is not useful as a pro- 
vocative test for arrhythmia. 


Most previously reported exercise studies in patients with the Wolff- 
Parkinson-White syndrome have used either the Master two step test 
or bicycle ergometry.!-? Relatively little has been reported concerning 
responses to graded treadmill exercise testing. With exercise testing by 
all techniques, patients with preexcitation may sometimes manifest 
normalization of conduction, and sometimes S-T segment changes 
mimicking ischemic heart disease. Little attention has been paid to the 
presence or absence of exercise-provoked arrhythmia. 

In this study, we report the results of graded exercise testing in 54 
patients with either manifest or concealed preexcitation. Specific at- 
tention is paid to delineating the incidence, characteristics and elec- 
trophysiologic significance of electrocardiographic normalization, the 
incidence of S-T segment changes during exercise, and the provocation 
(or lack of provocation) of arrhythmia. The results of our study are 
germane to the use of treadmill testing in patients with the Wolff-Par- 
kinson-White syndrome. 


^ 


742 April 1980 The American Journal of CARDIOLOGY Volume 45 


Bs 


Methods 


Patient selection: The study group of 54 patients was se- 
lected from patients referred for evaluation because of ab- 
normal electrocardiograms or recurrent arrhythmia, or both. 
All patients had either persistent, intermittent or concealed 
preexcitation. The diagnosis of preexcitation was based on the 
presence of a short P-R interval, delta wave and a wide QRS 
complex.? Most patients (50 of 54) underwent electrophysi- 
ologic testing with standard electrophysiologic techniques,” 
allowing demonstration of anomalous atrioventricular (A-V) 
pathways. Lateralization of anomalous pathways was deter- 

‘mined from electrocardiographic findings during typical 
preexcitation, atrial pacing at multiple sites and mapping of 
retrograde atrial activation sequences during ventricular 
pacing and induced paroxysmal tachycardia.8-!9 

Concealed preexcitation was defined by the presence of an 
anomalous pathway conducting only in retrograde direc- 
tion.1 1? The electrocardiographic diagnosis of arrhythmia 

- was based on standard electrocardiographic and electro- 
physiologic criteria.!? 

The diagnosis of the presence or absence of organic heart 
disease was based on history, physical examination, nonin- 
vasive investigation and cardiac catheterization when ap- 
propriate.!^ 

Treadmill testing: Treadmill exercise testing is a routine 
noninvasive test performed in all patients with arrhythmia 
referred to us, unless specifically contraindicated. In this 
study, the test was performed primarily for functional clas- 
sification and provocation of arrhythmia. 

Exercise testing was performed in all patients using a 
motor-driven treadmill (Quinton model 1879C). Patients 
exercised continuously for 2 minutes at each level, beginning 
at 2 miles/h and 0 grade. The speed or slope, or both, was al- 
tered so as to increase the oxygen consumption 1 multiple of 


the resting value (1 MET) for each progressive level of work. ' 


One MET was defined as the amount of oxygen intake per 
kilogram of body weight at supine rest (3.5 ml/kg per 
min).!° 

A 12 lead electrocardiogram was obtained from all patients 
before and immediately after exercise. Leads aVF, V; and V5 
were recorded with patients in the supine and standing posi- 
tions after hyperventilation and during exercise. The exercise 
electrocardiogram was displayed on a Hewlett-Packard 
multichannel oscilloscope (model 78302A) and recorded on 
a Hewlett-Packard three-channel electrocardiogram (model 
1517 A). Patients exercised to maximal physical capacity or 
to 100 percent of maximal age-predicted heart rate. 


Results 


Patient characteristics: Of the 54 patients studied, 
36 had persistent, 9 intermittent and 9 concealed 
preexcitation. Of the patients with persistent preexci- 
tation, 15 had a left-sided and 21 a right-sided anoma- 
lous pathway. Of the patients with intermittent 
preexcitation, eight had a left-sided and one a right- 
sided anomalous pathway. All nine patients with con- 
cealed preexcitation had a left-sided anomalous 
pathway. 

Patient ages ranged from 12 to 64 years (mean + 
standard deviation 31 + 13 years). Forty-four were male 
and 10 were female. Six patients had organic heart 
disease (idiopathic cardiomyopathy in two, Ebstein's 
anomaly in two, corrected transposition in one and 
cpronary artery disease in one). 


TREADMILL IN WOLFF-PARKINSON-WHITE SYNDROME—STRASBERG ET AL. 


Paroxysmal supraventricular tachycardia (spon- 
taneous or inducible, or both) or spontaneous fibril- 
lation had been documented in 48 (89 percent) of the 
54 patients. Paroxysmal supraventricular tachycardia 
alone had been documented in 29 patients (54 percent) 
(including the 9 patients with concealed preexcitation), 
atrial fibrillation alone in 5 patients (9 percent) and 
both arrhythmias in 14 patients (26 percent). Six pa- 
tients (11 percent) had a history of palpitation without 
documented arrhythmia. 

Treadmill test: Forty-eight of the 54 patients 
achieved exercise levels equivalent to New York Heart 
Association functional class I!4 during exercise (exercise 
levels of 7 to 18 METS, mean 10 + 3) with peak achieved 
heart rates of 130 to 210 beats/min (mean 176 + 21). In 
these 48 patients exercise was limited by fatigue. Three 
of these patients had organic heart disease (Ebstein's 
anomaly in two and corrected transposition in one). 

Five of the patients achieved exercise levels equiva- 
lent to New York Heart Association functional class II. 
'Two of these five had no organic heart disease; they 
achieved a peak heart rate of 150 and 130 beats/min, 
respectively, and their exercise was limited by fatigue 
(one patient had a hip deformity and one was obese). 
''hree of the five patients had organic heart disease 
(cardiomyopathy in two and coronary disease in one); 
they achieved a peak heart rate of 155, 125 and 160 
beats/min, respectively; on all, exercise was limited by 
fatigue. 

One patient achieved an exercise level equivalent only 
to New York Heart Association functional class III. This 
patient had chronic obstructive lung disease, and 
achieved a peak heart rate of 115 beats/min; his exercise 
was limited by dyspnea. 

Effects on preexcitation: None of the 18 patients 
with intermittent or concealed preexcitation exhibited 
preexcitation at initiation of the exercise test, and none 
had preexcitation during either the exercise or postex- 
ercise period. 

Thirty-six patients exhibited preexcitation at initi- 
ation of the treadmill test. In two of these patients (4 
percent), exercise produced no change in the degree of 
preexcitation as manifested by a fixed short P-R in- 
terval and no change in QRS configuration. The peak 
heart rate achieved by these two patients was 135 and 
155 beats/min, respectively, representing 75 to 80 per- 
cent of the predicted heart rate for age. 

The phenomenon of partial normalization was ob- 
served in 16 patients (44 percent) (Fig. 1 to 3). This was 
manifested by a gradual decrease over several levels of 
exercise in delta wave and QRS duration, with no ap- 
parent change of P-R interval (variation in P-R less 
than 0.02 second). Partial normalization was first seen 
at exercise heart rates of 115 to 200 beats/min (mean 151 
+ 25) at exercise levels of 5 to 11 METS (mean 8 + 3). 
Partial normalization presumably reflected exercise- 
induced facilitation of A-V nodal conduction. 

Total normalization of the QRS complex, as defined 
by total loss of delta wave with resultant narrow QRS 
complex (one patient had underlying left bundle branch 
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FIGURE 1. Partial normalization of the QRS complex during treadmill 
testing. Shown are leads aVF, V4, and Vs at rest and at exercise levels 
of 9 and 14 METS. Heart rates (HR)are listed. At 14 METS, the P-R in- 
terval is unchanged, the QRS complex has narrowed, but there is still 
a slight delta wave. Also note the S-T segment depressions (most 
marked at 9 METS). 


block so the QRS complex was not narrow), was ob- 
served in 18 patients (50 percent) (Fig. 4 to 7). In 14 of 
these patients, the process of normalization was gradual 
over several exercise levels, reflecting exercise-induced 
enhanced A-V nodal conduction (Fig. 4), whereas in 4, 
the normalization was sudden, reflecting sudden failure 
(rate-dependent?) of an anomalous pathway (Fig. 5 to 
7). In the 14 patients with gradual total normalization, 
the P-R interval demonstrated no apparent change with 
variations of less than 0.02 second. The four patients 
with sudden normalization demonstrated a sudden in- 
crease in P-R interval from a mean of 0.09 to a mean of 
0.14 second. 

In 8 of the 18 patients, gradual total normalization 
was achieved at heart rates below 150 beats/min (mean 
123 + 12) (3 to 8 METS, mean 5 + 2) whereas in 6 pa- 
tients heart rates were 150 beats/min or above (mean 
178 + 16) (3to 11 METS, mean 8 + 3). The four patients 
with rate-dependent block of the anomalous pathway 












had total normalization at rates of 95, 120, 130 and 200 
beats/min (4, 5, 6 and 9 METS, respectively). 

Relation of exercise response to electrophysio- 
logic testing: In the four patients with exercise-pro- 
voked rate-dependent failure of anomalous pathways 
(sudden normalization of QRS complex), anomalous 
pathway effective refractory periods during sinus 
rhythm were, respectively, 425, 400, 350 and 300 (mean 
+ standard error of the mean 368 + 28 ms). The rate of 
atrial pacing producing block of the anomalous pathway 
in these four patients was, respectively, 90, 170, 130 and 
150 beats/min (mean 135 + 17). 

Atrial extrastimulus testing was performed in 26 of 
the 31 patients who had preexcitation without sudden 
normalization during treadmill testing. In 11 of these 
26, conduction was atrial-limited and effective refrac- 
tory periods of the anomalous pathway ranged from less 
than 310 to less than 400 ms (mean less than 332 + 10). 
In 15 of the 26 patients, effective refractory periods of 
the anomalous pathway could be measured, and ranged 
from 250 to 430 ms (mean 314 + 12). Incremental atrial 
pacing was performed in 28 of the 31 patients. In 7 of 
these 28 patients, anomalous pathway conduction was 
intact at the fastest atrial paced rates tested (200 to 280 
beats/min; mean 235 + 9). In 21 of the 28 patients, atrial 
pacing-induced failure of anomalous pathways was 
noted at paced rates of 100 to 300 beats/min (mean 209 
+9). 

For comparison of patients with and without sudden 
normalization of the QRS complex during treadmill 
testing, mean + standard error of the mean values were 
calculated for effective refractory periods of the 
anomalous pathway and atrial paced rates producing 
anomalous pathway block. In patients with atrial-lim- 
ited conduction, anomalous pathway refractory periods 
were considered as 10 ms less than the atrial functional 
refractory period. In patients with intact anomalous 
pathway conduction at the fastest tested atrial paced 
rate, the rate of block of the anomalous pathway was 
considered to be 10 beats/min faster than the fastest 
tested rate. 
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FIGURE 3. Same patient as in Figure 1. Twelve lead electrocardiogram 
(immediately after exercise). Note partial normalization with S-T seg- 


ment depressions (false positive for ischemic heart disease). 
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FIGURE 4. Total normalization of the QRS complex during treadmill 


testing due to enhanced A-V nodal conduction. See text for discus- 
sion. 


Statistical analysis (unpaired single tailed t test) 
revealed that the patients demonstrating sudden nor- 
malization of a QRS complex during treadmill testing 
had significantly longer effective refractory periods of 
the anomalous pathway (p «0.025) and significantly 
lower atrial paced rates producing failure of anomalous 
pathways (p «0.0005) than those of the patients with 
preexcitation but without sudden normalization during 
treadmill testing. 

S-T segments: The 18 patients with intermittent or 
concealed preexcitation had normal S-T segments at 
peak exercise (isoelectric or less than 1 mm upsloping 
S-T segment depression). Of the 18 patients with total 
normalization, 17 presented normal S-T segments at 
peak exercise (Fig. 4, 5 and 7) whereas 1 patient showed 
a 2.5 mm S-T segment depression reflecting underlying 
left bundle branch block. All 18 patients with either 
total or partial preexcitation at peak exercise manifested 
more than 1 mm horizontal or downsloping S- T' segment 
depression suggestive of ischemic heart disease (Fig. 1 
and 3). None of these patients had clinical evidence of 
ischemic heart disease. 

Arrhythmia provocation during exercise: 
Treadmill testing provoked premature atrial complexes 
in one patient, premature ventricular complexes in four 
patients and both atrial and ventricular premature 
complexes in two additional patients. Exercise-pro- 
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FIGURE 6. Same patient as in Figure 5. Twelve lead electrocardiogram 
(at rest before exercise). Note typical preexcitation (type B). 
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FIGURE 5. Total normalization of the QRS complex during treadmill 
testing due to rate-dependent block of anomalous pathway. Note the 
dramatic change in the P-R interval and QRS duration and configuration 
from exercise level 4 to 5 METS. The electrocardiogram at 4 METS 
demonstrates preexcitation; that at 5 METS demonstrates total nor- 
malization. 





voked supraventricular tachycardia or atrial fibrillation 
was not observed during or immediately after exercise 
in any of the 54 patients. 


Discussion 


Relatively few investigations have been reported re- 
garding the response of patients with preexcitation to 
exercise testing. Most of these investigations have been 
performed with a Master two-step protocol!-? or bicycle 
ergometer.^^ Use of treadmill testing has been reported 
less frequently. Most exercise studies have been con- 
cerned with determination of physical work capacity in 
the patient with preexcitation, although some obser- 
vations have also been made concerning behavior of the 
QRS complex and S-T segment and the induction of 
arrhythmia. 

Regarding physical work capacity, previous workers 
have noted either normal? or mildly reduced? work ca- 
pacity in patients with preexcitation. Most of our pa- 
tients (48 of 54) had no limitation of work capacity with 
graded treadmill exercise testing, a response consistent 
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FIGURE 7. Same patient as in Figure 5. Twelve lead electrocardiogram 
(immediately after exercise). Note total normalization of the electro- 
cardiogram. 7 
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with the general lack of organic heart disease in our 
group. 

Effect of exercise in preexcitation: An under- 
standing of the pathophysiology of preexcitation is 
germane to understanding exercise responses in the 
Wolff-Parkinson-White syndrome. During sinus 
rhythm at rest, most patients with manifest preexcita- 
tion have QRS complexes resulting from fusion of wave 
fronts by way of normal and anomalous A-V pathways. 
The P-R interval (P-delta interval) under these cir- 
cumstances reflects the shortest conduction time from 
the atria to the ventricles (anomalous pathway con- 
duction time). With exercise, there could be facilitation 
of A-V nodal conduction due to vagolysis and increase 
in beta sympathetic tone.9:16-19 This could result in 
partial normalization of the preexcited QRS complex 
or, if facilitation of A-V nodal conduction was marked, 
conduction might take place totally through the normal 
pathway so that total normalization of the QRS complex 
would result. With partial normalization of the QRS 
complex, one would not expect a shortening of the P-R 
interval because the shortest conduction time from the 
atria to the ventricles would still be through the 
anomalous pathway (P-delta interval). With total 
normalization due to facilitation of A-V nodal conduc- 
tion, the P-R interval might shorten slightly (normal 
pathway faster than anomalous pathway). 

Another mechanism of total normalization of the 
QRS complex during exercise might be block of 
anomalous pathways. One might even predict that 
treadmill testing could unmask relatively prolonged 
anomalous pathway refractoriness by precipitating 
rate-dependent sudden normalization of conduction. 
If this were the case, treadmill testing would be useful 
in defining a group of patients with preexcitation who 
would have relatively slow ventricular rates if parox- 
ysmal atrial fibrillation were to occur. Exercise-pro- 
voked rate-dependent block of anomalous pathways 
should manifest itself as a sudden increase in P-R in- 
terval with a normal QRS complex (conduction through 
normal A-V pathway). 

Incidence of normalization of conduction during 
exercise: [n previous studies, the incidence of total 
normalization of the QRS complex during exercise has 
been low. Wolff and White! reported 1 of 10 cases with 
normalization of the QRS complex during exercise, 
whereas Averill et al.? reported 2 cases of normalization 
from a total of 60 cases. These investigators used the 
double Master two-step test. With the use of bicycle 
ergometry the incidence of normalization is somewhat 
greater but still low. Sandberg? reported QRS normal- 
ization in 8 of 28 cases studied. In our experience, total 
normalization was frequent, reflecting the high level of 
exercise achieved during graded treadmill testing.?? We 
were able to achieve total normalization of the QRS 
complex during exercise in 50 percent of our patients 
(18 of 36). In most of our patients (14 of 18), normali- 
zation occurred because of marked facilitation of A-V 
nodal conduction, reflecting increased sympathetic tone 
and vagolysis. In four of our patients, normalization 
appeared to reflect rate-dependent block of anomalous 


pathways. This finding did correlate with relatively long 
anomalous pathway refractory periods, as measured 
during electrophysiologic study. It also correlated with 
demonstration of block of the anomalous pathway at 
relatively low heart rates. 

In most previous series concerning exercise testing 
in the Wolff-Parkinson-White syndrome, exercise did 
not result in change in QRS configuration. Wolff and 
White! demonstrated no change in QRS configuration 
in 8 of 10 patients, whereas Sandberg* demonstrated no 
change in QRS in 18 of 28. Ahlborg et al.? noted that in 
8 of 16 patients the QRS complexes either partially or 
totally normalized during exercise testing, but they did 
not differentiate between partial or total normalization. 
All of these findings are in contrast to our data. Con- 
sidering partial and total normalization together, we 
found that changes in the QRS complex occurred with 


exercise in 34 of 36 patients with manifest preexcitation ' 


(94 percent) (18 with total normalization and 16 with 
partial normalization). 

In previous reports, the occurrence of preexcitation 
has been noted during exercise testing when patients 
did not exhibit preexcitation at the onset of exercise. For 
example, Averill et al.? reported this occurrence in 1 of 
60 cases with preexcitation studied. Weisfogel et al.2! 
recently described a patient in whom unexpected 
preexcitation developed during treadmill testing. In our 
own series, no patient with intermittent preexcitation 
exhibited the preexcitation at the initiation of exercise 
or during exercise. In addition, none of our patients with 
concealed preexcitation had manifest preexcitation 
during treadmill testing. In most patients with inter- 
mittent or concealed preexcitation, the refractory pe- 
riods of the anomalous pathway are long (approximately 
equal to or longer than sinus cycle length). The sudden 
occurrence of preexcitation during exercise in the pre- 
viously reported cases could reflect a catecholamine- 
mediated decrease in refractoriness of the anomalous 
pathway.?! Why this was not noted in our series is not 
apparent. 

Comparison with Holter monitoring: The behavior 
of QRS complexes in our group of patients undergoing 
treadmill exercise testing is essentially a smaller version 
of that seen with 24 hour Holter ambulatory electro- 
cardiographic recording in patients with known 
preexcitation. Hindman et al.?? reported on 24 hour 
Holter recordings in 27 patients with preexcitation: two 
of the patients manifested normal conduction for the 
total 24 hour period. These two patients are equivalent 
to our patients with intermittent preexcitation, who 
manifested normal conduction throughout exercise. 
Hindman et al. noted 18 patients who had intermittent 
preexcitation, reflecting gradual normalization due to 
enhanced A-V nodal conduction in 9 patients, sudden 
normalization due to rate-dependent block of the 
anomalous pathway in 3 patients and sudden unex- 
pected (not rate-dependent) normalization in 6 pa- 
tients. These 18 patients are equivalent to our patients 
who manifested either partial or total normalization 
during treadmill testing. Hindman et al. noted seven 
patients who maintained persistent preexcitation 
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during the 24 hour recording period. Presumably, some 
of these seven patients might have manifested partial 
normalization if strenuous physical activity had been 
pursued during the monitoring period. 

False positive ischemic changes during exercises: 
From review of previous studies, it is clear that exercise 
testing in patients with preexcitation may produce false 
positive S-T segment changes suggestive of ischemic 
heart disease. The reported incidence of false positive 
treadmill tests for ischemic heart disease in patients 
with preexcitation has ranged from 27 to 100 percent.” 
In our series, all 18 patients who manifested either 
partial or total preexcitation during treadmill testing 
manifested 1 mm or greater flat S- T segment depres- 
sion. None of these patients had clinical evidence of 
ischemic heart disease, and we considered that their 
tests were false positive. The incidence of false positive 


- tests for ischemic heart disease based on S-T segment 


changes in patients with preexcitation undergoing 
treadmill testing thus relates to the proportion of pa- 
tients continuing to manifest preexcitation during the 
test. The occurrence of partial or total normalization of 
the QRS complex will tend to decrease the incidence of 
flat S-T segment depressions, since such changes are 
dependent on the occurrence of preexcitation during the 
treadmill test. 

Exercise provocation of arrhythmias: Previous 
reports have provided limited data concerning the 
presence or absence of exercise provocation of ar- 
rhythmia in patients with the Wolff-Parkinson-White 
syndrome. In our series of patients with preexcitation, 
we were unable to provoke either paroxysmal A-V 
reentrant supraventricular tachycardia or paroxysmal 
atrial fibrillation with graded treadmill testing. This is 
of particular interest because 89 percent of our patients 
had had previously documented spontaneous or in- 
duced paroxysmal supraventricular tachycardia or 
paroxysmal atrial fibrillation, or both. 
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This result is somewhat surprising, in that exercise 
might facilitate the ability to sustain paroxysmal A-V 
reentrant tachycardias in the patients with preexcita- 
tion. Denes et al.’ noted that the induction of sustained 
paroxysmal A- V reentrant tachycardia in patients with 
the Wolff-Parkinson-White syndrome reflected an 
ability for rapid repetitive retrograde anomalous 
pathway conduction and for rapid repetitive antero- 
grade normal pathway conduction. Treadmill testing 
would presumably have no effect on the former and 
should facilitate the latter, thus allowing induction of 
paroxysmal tachycardia. The lack of exercise-provoked 
paroxysmal tachycardia in our patients probably re- 
flected the lack of exercise-induced premature com- 
plexes with the critical timing necessary for engaging 
only one of the two pathways. The lack of exercise 
provocation of paroxysmal atrial fibrillation implies that 
this arrhythmia is not an exercise-provocable arrhyth- 
mia in patients with the Wolff-Parkinson-White syn- 
drome. 

Clinical implications: The lack of exercise-provo- 
cable tachycardia in patients with the Wolff-Parkin- 
son-White syndrome is germane to both the diagnosis 
and therapy of arrhythmia in this syndrome. Treadmill 
testing would not appear to be useful as a provocative 
test for arrhythmia in the patient with preexcitation 
suspected of having an arrhythmia. This is in contrast 
to the utilization of electrophysiologic testing, which 
usually replicates spontaneous arrhythmia.’ Because 
treadmill testing does not usually provoke arrhythmia 
in patients with preexcitation, the results of such testing 
cannot be used to ascertain the effectiveness or lack of 
effectiveness of antiarrhythmic therapy. Treadmill 
testing does appear to be of some value in detecting 
patients with relatively long refractory periods of the 
anomalous pathway, thus delineating a group of pa- 
tients who would have slow ventricular rates if parox- 
ysmal atrial fibrillation were to develop. 
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Five hundred thirty-one patients with chronic bifascicular block and intact 
atrioventricular (A-V) conduction were studied and prospectively followed 
up to ascertain the effect of age on both severity of conduction defect and 
life history. The patients were subdivided into a younger group, aged 18 
to 59 years, and an older group, aged 60 and above. They were further 
separated into those with primary conduction disease (118 patients) and 
those with organic heart disease (413 patients). In the patients with pri- 
mary conduction disease, the findings were as follows (younger group, 
60 patients, versus older group, 58 patients) (mean + standard error of 
the mean): age 43 + 1.4 versus 73 + 1.1 (p <0.001); A-H interval 92 + 
3.8 versus 100 + 3.8 ms (not significant); H-V interval 48 + 1.6 versus 
49 + 1.6 ms (not significant). Progression to spontaneous A-V block was 
noted in no younger patient and one older patient (not significant) over 
a mean follow-up period of 3.5 + 0.3 years. The 5 year total cumulative 
mortality was significantly higher in the older group with no difference in 
the incidence of sudden death in the two groups. 

In patients with organic heart disease, the findings were as follows 
(younger group, 170 patients, versus older group, 243 patients): age 48 
+ 0.9 versus 71 + 0.5 (p <0.001); A-H interval 105 + 2.3 versus 114+ 
3.1 ms (p <0.05); H-V interval 54 + 1.3 versus 55 + 0.9 ms (not signifi- 
cant). Progression to spontaneous A-V block was seen in six patients (3 
percent) in the younger group and 15 (5 percent) in the older group (not 
significant). The 5 year total cumulative mortality was significantly higher 
in the older group with no difference in the incidence of sudden death in 
the two groups. With the exception of the A-H interval in the group with 
organic heart disease, the severity and progression of conduction disease 
were independent of advanced age in patients with chronic bifascicular 
block. 


'The progression of bifascicular block to advanced or complete atrio- 
ventricular (A-V) block has previously been demonstrated. ‘The reported 
incidence of A-V block in patients with bifascicular block varies from 
1 to 62 percent in different series.!-? It has been suggested that patient 
age might be a variable, at least partially responsible for the varying 
incidence of A-V block in some reported series.^-? In this study, we ex- 
amined this possibility by analyzing our data in a large group of pro- 
spectively followed up patients with chronic bifascicular block to as- 
certain the effect of age on both severity of disease and life history. 


Methods 


Definitions: Definitions are based on the recommendations of the Criteria 
Committee of the New York Heart Association.? The criteria for electrocar- 
diographic diagnosis of right bundle branch block included a QRS duration of 
0.12 second or greater with an rsR or qR configuration of the QRS complex in 
lead V4. The criteria for diagnosis of left bundle branch block included a QRS 
duration of 0.12 second or greater with the presence of a broad monophasic R 
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wave or Rs complex in lead Vg with S-T depression and T 
wave inversion in leads V5 and Vg. 

In patients with right bundle branch block, left anterior 
hemiblock was diagnosed when the mean frontal QRS axis was 
more negative than —30?, with a small q and a tall R wave in 
lead I and a small r and a deep S wave in lead III. Left poste- 
rior hemiblock (fascicular block) was diagnosed when the 
mean frontal QRS axis was more positive than +90° in the 
absence of right ventricular hypertrophy, with a small r and 
a deep S wave in lead I and a small q and a tall R wave in lead 
III. The foregoing criteria used for diagnosis of left anterior 
and posterior hemiblock were identical to those used in many 
previous studies. 1210-18 

Bifascicular block was defined as right bundle branch block 
with left anterior hemiblock, right bundle branch block with 
left posterior hemiblock or left bundle branch block (block in 
both anterior and posterior fascicles).? 

Patient selection: Patients with chronic bifascicular block 
were detected through screening of inpatient and outpatient 
electrocardiograms in the Chicago West Side Medical Center 
(University of Illinois Hospital, West Side Veterans Admin- 
istration Hospital and Cook County Hospital). Additional 
patients with bifascicular block were also referred to us for 
electrophysiologic and follow-up study from physicians in the 
greater Chicago area. 

Criteria for inclusion in this study were: (1) presence of 
chronic bifascicular block with intact A-V conduction, (2) age 
18 years or over, (3) informed consent for and performance of 
electrophysiologic studies, and (4) voluntary agreement to 
periodic follow-up study in a conduction disease clinic. Pa- 
tients with a history of second or third degree A-V block and 
patients with acute myocardial infarction were excluded. 

Initial evaluation of patients included a history, physical 
examination, serial electrocardiograms, chest roentgenograms 
and routine laboratory tests. On the basis of this evaluation, 
a clinical diagnosis was established in each patient. Previously 
described criteria were used for diagnosis of organic heart 
disease.!? “Primary conduction disease" was diagnosed when 
radiographic heart size was normal and there was no clinical 
evidence of organic heart disease, with the exception of in- 
traventricular conduction defect.2° 


TABLE | 
Effect of Age on Clinical Findings 


Electrophysiologic studies: Informed written consent was 
obtained before electrophysiologic study. His bundle (H) 
electrograms were recorded, using previously described 
catheter techniques, in all patients at the time of entry into 
the study.?! Cardiac drugs were withheld at least 48 to 72 
hours before the study. A-H and H-V intervals were measured 
at paper speeds of 200 mm/s and reflected the mean of 10 
consecutive sinus beats. Normal values for these intervals were 
as follows: A-H, 54 to 130 ms and H-V, 31 to 55 ms.?! Refrac- 
tory periods of the atrium and A-V node were measured, as 
described by Denes et al.22 

Patient follow-up study: Patient follow-up study was 
similar to that previously described from our labora- 
tory..19,2023-?7 After initial study, all patients were prospec- 
tively followed up in research conduction disease clinics at 
intervals of 1 to 3 months. At each clinic visit, history, physical 
examination and electrocardiograms were performed. Por- 
table tape-recorded ambulatory monitoring or prolonged in- 
patient electrocardiographic monitoring, or both, was used 
when the history suggested transient bradyarrhythmias. A 
permanent pacemaker was implanted in symptomatic pa- 
tients with documented bradyarrhythmias or in patients with 
recurrent syncope of unknown cause. 

Analysis of data: All information at the time of initial 
evaluation and subsequent clinic visits was keypunched and 
stored on Internal Revenue Service database discs. Specifi- 
cally designed programs were used for data recall and statis- 
tical analysis. Data on survival were analyzed using previously 
described life table methods.?? 

Before analysis of age as a variable, the patients were sep- 
arated into two groups: patients without apparent organic 
heart disease (primary conduction disease) and patients with 
organic heart disease. 'T'his separation was performed because 
the presence of organic heart disease as well as increased age, 
is associated with increased severity of some conduction in- 
dexes and would therefore complicate the analysis of age as 
an independent variable in our total group.28 The patients 
were then subdivided into the younger or the older group 
depending on their age. The conduction findings and life 
history in adults less than 60 years and those 60 and above 
were compared in both the group with primary conduction 
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Primary Conduction Disease 
nes PS Q^ Nitin west at SOR eee 








Organic Heart Disease 





YG (n = 60) OG (n = 58) YG (n = 170) OG (n = 243) 
n 96 n. 96 p Value n % n % p Value 
RAN EE E o ESPRIT Th ag obs eS Oa Ee 

Sex 

Male 51 85 47 81 NS 128 75 198 82 NS 

Female 9 15 11 19 NS 42 25 45 18 NS 
Clinical finding 

Angina 0 0 0 0 NS 41 24 68 28 NS 

Dyspnea 0 0 0 0 NS 75 44 126 51 NS 

Fourth heart sound 11 18 13 22 NS 93 55 158 64 NS 

CHF 0 0 0 0 NS 66 39 102 41 NS 

Cardiomegaly 0 0 0 0 NS 110 67 173 71 NS 

NYHA class | 60 100 58 100 NS 96 56 104 42 <0.01 

NYHA class II to IV 0 0 0 0 NS 74 44 139 58 <0.01 
Heart disease 

HCVD 63 37 102 43 NS 

ASHD 46 27 104 42 <0.01 

VHD 15 9 14 5 NS 

PMD 18 10 22 9 NS 

Other 28 16 1 1 <0.01 


ASHD = arteriosclerotic heart disease; CHF = congestive heart failure; HCVD = hypertensive cardiovascular disease; NS = not significant; 
NYHA = New York Heart Association; OG = older group; p = probability; PMD = primary myocardial disease; VHD = valvular heart disease: YG 


= younger group. 
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TABLE ll 
Effect of Age on Electrocardiographic Findings 


Primary Conduction Disease 
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Organic Heart Disease 


D — — M — ———— ——— 


YG (n = 60) OG (n — 58) YG (n = 170) OG (n = 243) 
Mean + SEM Mean + SEM Mean + SEM Mean + SEM 
(range) n % (range) n 96 pValue (range) M, (range) n % p Value 

RBBB 52 87 57 99 «0.01 120 71 178 74 NS 
LBBB 8 13 i oF" «0.0 50 29 65 26 NS 
P-R 0.17 + 0.004 0.18 + 0.004 NS 0.19 + 0.003 0.19 + 0.003 NS 

inter- (0.12—0.28) (0.11—0.28) (0.12—0.42) (0.12—0.46) 

val (s) 
QRS 0.13 + 0.003 0.14 + 0.002 NS 0.14 + 0.001 0.14 + 0.001 NS 

dura- (0.12—0.20) (0.12—0.20) (0.12—0.20) (0.12—0.20) 

tion (s) 
PVC a 238 5 8 NS 33 19 73 29 <0.05 


LBBB = left bundle branch block; NS = not significant; OG = older group, p = probability; PVC — premature ventricular complexes; RBBB = 


disease and the group with organic heart disease. In addition, 
conduction intervals were plotted as a function of age, and 
regression analysis was performed. 

A standard unpaired t-test was used to test the significance 
of differences in means and the 2 X 2 chi-square method was 
used for frequency data analysis. 


Results 
Five hundred thirty-one patients with chronic bi- 
fascicular block were detected, studied and followed up 
between January 1970 and March 1979. There were 424 
men (80 percent) and 107 women (20 percent) with ages 
ranging from 18 to 93 years (mean + standard deviation 
62 + 15 years). 


Primary Conduction Disease 


Age and sex: Of the 531 patients, 118 had primary 
conduction disease (Table I). Sixty of these patients (51 


TABLE Ill 


right bundle branch block; SEM = standard error of the mean; YG = younger group. 


percent) were less than 60 years of age and are referred 
to as the younger age group and 58 (49 percent) were 60 
and over and are referred to as the older age group. 
There were 51 men and 9 women in the younger age 
group and 47 men and 11 women in the older age group 
(not significant [NS]). Mean age (standard error of the 
mean) for the younger group was 43 + 1.4 years and for 
the older group 73 + 1.1 years (Fig. 1). The difference 
in age, by study design, was statistically significant (p 
«.0.001). All patients were asymptomatic and in func- 
tional class I of the New York Heart Association (by 
study design) (Table I). 

Electrocardiographic findings (Table II): Left 
bundle branch block was significantly more frequent 
and right bundle branch block less frequent in the 
younger patients (p <0.01). There was no significant 
difference in the mean P-R interval, the QRS duration 


Effect of Age on Electrophysiologic Findings 


Primary Conduction Disease 





YG (n = 60) OG (n — 58) 
Mean + SEM Mean + SEM 
(range) n % (range) n 
Heart rate 75 X 1.7 74 t 1.9 
(beats/min) (48-107) (40-120) 
A-H interval 92+ 3.8 100 + 3.8 
(ms) (52-188) (58-186) 
Prolonged A-H 
interval 
(>130 ms) 
H-V interval 48 + 1.6 49 + 1.6 
(ms) (31-100) (24-100) 
Prolonged H-V 15 10 
interval 
(>55 ms) 
Atrial ERP 243 + 6.5 44 246 + 8.9 40 
(ms) (140-330) (180-400) 
A-V nodal ERP 359 + 22.2 23 358 + 13.8 23 
(ms) (230-750) (280-540) 
Rate producing 2° 157+ 4.7 54 154 + 4.3 46 
* block proximal to (70-230) (90-210) 


% 


Organic Heart Disease 


———— M ——  —— — M ———— 


H (beats/min) 


ERP = effective refractory period; H = His bundle; other abbreviations as in Table Il. 


YG (n = 170) OG (n = 243) 
p Mean + SEM Mean + SEM p 
Value (range) n 96 (range) n 96 Value 
NS  80tr12 TIR 12 NS 
(49-120) (44-180) 
NS 105 + 2.3 1144+ 3.1 «0.05 
(48-320) (45-402) 
NS 10 18 «0.05 
NS 6421.3 55 + 0.87 NS 
(15-125) (26-105) 
NS 37 102 42 NS 
NS 258: 5.1 111 65 265245 152 63 NS 
(150-420) (170-420) 
NS 339i 7.3 60 35 384+ 10.1 86 35 «0.05 
(260—500) (250-760) 
NS .158:i23 122 146 + 1.9 198 «0.05 
(65-210) (77-200) 
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FIGURE 1. Selected electrophysiologic findings in patients with primary 
conduction disease. Shown are mean (+ standard error of the mean) 
values for age and A-H and H-V intervals in the younger and the older 
patients. msec = milliseconds; NS = not significant; P = proba- 
bility. 


and the frequency of premature ventricular complexes 
in both younger and older patients. 

Electrophysiologic data (Table III, Fig. 1): A-H 
intervals ranged from 52 to 188 ms (mean 92 + 3.8) in 
younger patients and from 58 to 186 ms (mean 100 + 
3.8) in older patients (NS). The incidence of A-H pro- 
longation was also identical in the two age groups. H-V 
intervals ranged from 31 to 100 ms (mean 48 + 1.6) in 
the younger group and from 24 to 100 ms (mean 49 + 
1.6) in the older group (NS). The incidence of H-V 
prolongation was also similar in both groups, being 15 
. percent in the younger and 17 percent in the older pa- 
tients (NS). 

Regression analysis of A-H and H-V intervals as a 
function of age is shown in Figure 2. There was no 
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R=.094 
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relation between conduction intervals (A-H and H-V) 
and age. The effective refractory periods of the atrium 
and A-V node were also similar in the younger and older 
groups. 

Follow-up study: The follow up period ranged from 
26 days to 7.2 years with a mean of 3.3 + 0.3 years for the 
younger group and 3.5 + 0.3 years for the older group 
(NS). Spontaneous A-V block developed in none of the 
younger patients and in only one of the older patients 
(NS). 

Thirty-five patients died during the follow-up pe- 
riod, 11 (18 percent) from the younger group and 24 (41 
percent) from the older group (p <0.05). Sudden death 
was noted in two patients (3 percent) from the younger 
age group and six (10 percent) from the older age group 
(NS) (Table IV, Fig. 3). The total cumulative mortality 
rate, using actuarial method (through 5 years), was 


significantly higher in the older patients with no dif- ' 


ference in the incidence of sudden death in both groups. 
It is evident that the clinical features, conduction 
measurements, the risk of heart block and sudden death 
were similar in younger and older patients with chronic 
bifascicular block and primary conduction disease. 


Organic Heart Disease 


Age and sex: Of 531 patients with chronic bifasci- 
cular block, 413 had apparent organic heart disease. Of 
these, 170 (40 percent) were less than 60 years of age and 
243 (60 percent) were 60 or older (Table I). 

There were 128 men and 42 women in the younger age 
group and 198 men and 45 women in the older age group 
(NS). The mean age for the younger group was 48 + 0.86 
years and for the older group 71 + 0.49 years (Fig. 4). By 
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FIGURE 2. Computer-printed regression analysis plots showing age (on abscissa) with A-H and H-V intervals (on ordinate) in patients (pts.) with 


primary conduction disease (PCD). The A-H interval is shown at left and the H-V interval at right. Correlation coefficients (R) and probability (P) value - 


are listed. Points representing two or more patients are plotted as a small numeral. 
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TABLE IV 
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Effect of Age on Cumulative Total Mortality and Sudden Death 


Primary Conduction Disease 


Organic Heart Disease 








YG (n = 60) OG (n = 58) YG (n = 170) OG (n = 243) 
Pts. at Pts. at Pts. at Pts. at 
Mortality Risk of Mortality Risk of Mortality Risk of Mortality Risk of 
Rate (percent) Dying Rate (percent) Dying Rate (percent) Dying Rate (percent) Dying 
+ SEM (n) + SEM (n) p Value + SEM (n) + SEM (n) p Value 
Total cumulative mortality 
1st yr 8+ 3.7 57 10 + 4.0 57 NS 19 = 2.7 162 17 42.4 241 NS 
2nd yr 10 + 4.1 47 25 + 5.8 49 «0.05 22 1 3.3 127 29 + 4.2 186 NS 
3rd yr 15 + 4.9 42 33 + 6.4 38 <0.05 26 + 3.6 99 39 + 3.3 140 « 0.01 
4th yr 22+ 6.2 32 40+ 6.8 30 <0.05 34+ 4.0 79 45+3.4 97 <0.01 
5th yr 22 + 6.2 18 46 + 7.2 22 «0.01 35 + 4.2 61 51+ 3.8 62 <0.001 
Sudden death 
1st yr 0 55 2 1.7 55 NS 94+2.3 159 8+ 1.8 230 NS 
2nd yr 0 47 6 3.4 46 NS 14+ 2.8 123 13 + 2.2 176 NS 
3rd yr 22 22 41 11+ 4.8 36 NS 16 + 3.0 97 19 4 2.7 134 NS 
4th yr §+3.8 31 14 45.5 29 NS 20' + 3.5 78 21+ 3.1 94 NS 
5th yr 5+ 3.8 18 14+ 5.5 20 NS 20 € 3.5 60 22 X 3.3 59 NS 


Pts. = patients; other abbreviations as in Table Il. 


study design, the difference in ages was statistically 
significant (p «0.001). 

Clinical features (Table I): Clinically diagnosed 
congestive heart failure was present in 66 (39 percent) 
patients in the younger group and 102 (41 percent) in 
the older group (NS). There was a significantly greater 
prevalence of patients in New York Heart Association 
functional class I in the younger group and of those in 
classes II to IV in the older group (p «0.01). Arterio- 
sclerotic heart disease was significantly more frequent 
in older patients (42 percent compared with 27 percent 
in the younger patients) (p <0.01). 


TOTAL CUMULATIVE MORTALITY SUDDEN DEATH MORTALITY 


MORTALITY RATE % 


MORTALITY RATE % 





YEARS 


FIGURE 3. Curves for cumulative total mortality and mortality due to 
sudden death (actuarial method) through 5 years. Upper panel repre- 
sents patients with primary conduction disease and lower panel rep- 
resents patients with organic heart disease. Open circles represent 
the younger age group (YG) and closed circles the older age group (OG). 


* Probability values are listed. NS = not significant. 
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Electrocardiographic findings (Table II): The 
only significant difference in the two age groups was the 
higher incidence of premature ventricular complexes 
in the older patients (p «0.05). 

Electrophysiologic data (Table ITI, Fig. 4): A-H 
intervals ranged from 48 to 320 ms (mean 105 + 2.3) in 
the younger patients and from 45 to 402 ms (mean 114 
+ 3.1) in the older patients (p <0.05). The incidence rate 
of A-H prolongation was significantly higher in the older 
group (18 percent compared with 10 percent in the 
vounger group) (p «0.05). H-V intervals ranged from 
15 to 125 ms (mean 54 + 1.3) in the younger patients and 
from 26 to 105 ms (mean 55 + 0.87) in the older patients 
(NS). The incidence rate of H-V prolongation was also 
similar in both groups, being 37 percent in the younger 
and 42 percent in the older patients (NS). Regression 
analysis of conduction intervals and age revealed a weak 
positive association of age and A-H interval, with an r 
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FIGURE 4. Selected electrophysiologic findings in patients with bi- 
fascicular block and organic heart disease. Abbreviations as in Figure 
i. 
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value of 0.123 and a p value of «0.01 (Fig. 5). The mean 
effective refractory period of the A-V node was signifi- 
cantly longer in the older group (384 + 10.1 ms com- 
pared with 339 + 7.3 ms in the younger group) (p <0.05) 
(Table III). The mean effective refractory period of the 
atrium was similar in the two groups. 

Follow-up study: The follow-up period ranged from 
21 days to 8.7 years with a mean of 3.3 + 0.2 years ih the 
younger and 3.0 + 0.2 years in the older patients. 
Spontaneous A-V block was noted in 6 patients (3 per- 
cent) in the younger group (on follow-up days ranging 
from 5 to 995) and in 14 (5 percent) in the older group 
(on days 17 to 2,122) (NS). 

One hundred seventy-two patients died during the 
follow-up period, 54 (32 percent) in the younger and 118 
(45 percent) in the older group (p <0.01). Sudden death 
was noted in 29 patients (17 percent) in the younger and 
45 (18 percent) in the older group (NS). The total cu- 
mulative mortality rate (through 5 years) was signifi- 
cantly higher in the older patients with no difference in 
the incidence of sudden death in the two age groups 
(Table IV, Fig. 3). 

It is evident that the older group of patients with bi- 
fascicular block and organic heart disease had a greater 
incidence of arteriosclerotic heart disease, longer A-H 
interval, longer A-V nodal effective refractory period 
and greater total cumulative mortality. The risk of 
spontaneous A-V block and sudden death was identical 
in both the younger and the older groups. 


Discussion 


Previous studies on the frequency of conduction de- 
fects suggest that the incidence of conduction disease 
Is increased in the aged. For example, the elderly are 
more frequently afflicted with first degree A-V block, 
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fascicular block, left bundle branch block, right bundle 
branch block, bifascicular block and advanced or com- 
plete A-V block.?9-82 The greater incidence of conduc- 
tion disease in the elderly presumably reflects a com- 
bination of increased frequency of commonly diagnosed 
heart disease (such as hypertensive heart disease and 
coronary artery disease) as well as conduction disease 
due to the degenerative process associated with aging 
(Lev’s disease and senile cardiac amyloidosis).3:33:34 
However, the known association of age with conduction 
disease does not establish the effect of age on the life 
history of a given conduction defect once it has devel- 
oped in a patient. 

Previous reports on effect of age on A-V block: 
Our laboratory has been particularly interested in the 
life history of chronic bifascicular block, especially in 
regard to delineating the risk of A-V block and sudden 


death.??— In our own experience, our total group of ` 


patients with bifascicular block has manifested a cu- 
mulative incidence rate of A-V block of 4 percent over 
a mean follow-up period of about 4 years.? This is in 
contrast to other reports in which there are major dif- 
ferences in the incidence rate of A-V block range from 
1 percent? to 62 percent.? Several factors account for the 
differing results in these series. It has been suggested 
that patient age, among other factors, might account, 
at least in part, for this varying incidence of progressive 
conduction disease.1.6.8 

Recently, in a study of patients with right bundle 
branch block and left axis deviation and a mean age of 
71 years, Narula et al.* reported a 20 percent incidence 
rate of A-V block over an average follow-up period of 3 
years. McAnulty et al,’ in a prospective study of bifas- 
cicular block, reported a 5 percent (13 of 257 patients) 
incidence rate of heart block in their patients with a 


OHD Group (413 pts) 


H-V vs. Age 
125 TE. 
R* 0.089 
100 P=N.S. 
75 
504. 
25 


—[———T———T———T——T —41——1———4 
20 30 40 50 60 70 80 90 
Age in years ] 


FIGURE 5. Computer-printed regression analysis plots showing age and conduction intervals in patients (pts.) with bifascicular block and organic 


heart disease (OHD). Abbreviations and format as in Figure 2. 
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mean age of 63 years over a 2 year average follow-up 
period. Scheinman et al.? reported a 9 percent incidence 
rate of heart block over a mean follow-up period of 18 
months in patients with chronic bifascicular block and 
an average age of 67 years. In regard to our own series, 
the mean age of our patients was 62 + 15 years.® 

The foregoing data could suggest that the risk of A-V 
block increases with advancing age in patients with 
chronic bifascicular block, because the incidence of A-V 
block apparently increases with increasing age, that is, 
4 percent in patients with a mean age of 62 years? 5 
percent at 63 years,’ 9 percent at 67 years® and 20 per- 
cent at 71 years of age, respectively. Older patients may 
have more severe conduction disease than younger pa- 
tients and might be at a higher risk of A-V block. The 
younger patients may have a different pathologic sub- 
strate than the elderly, which may account for a lower 


' risk of heart block in the former. If the duration of 


conduction disease relates to the risk of heart block, it 
is possible that the series with older patients contain 
subjects with bifascicular block of greater duration and 
therefore have a greater incidence of block. Despite 
these hypotheses, there is no information available using 
a systematic comparison of older and younger patients 
to ascertain the effect of age on both severity and life 
history of conduction disease. 

Present study: This study is the first on the natural 
history of patients with bifascicular block as related to 
age. In our patients with bifascicular block unassociated 
with heart disease (primary conduction disease), both 
the conduction measurements and the incidence of 
conduction abnormalities were similar in younger and 
older patients. Documented spontaneous progression 
of conduction disease was relatively uncommon, oc- 
curring in only 1 percent of all patients with primary 
conduction disease, with the risk of A-V block being 
similar in both the younger and the older patients. 
There were also similar risks of sudden death in the 
younger and the older groups. The presence of a greater 
total cumulative mortality in the older patients was not 
unexpected. 

In patients with bifascicular block and organic heart 
disease, significant differences were observed in A-V 
nodal conduction. Both the mean A-H interval and the 
incidence of increased A-V nodal refractoriness were 
significantly greater in older patients. The atrial paced 
rates producing second degree heart block proximal to 
the His bundle were lower in older patients with heart 
disease. This finding was also supported by regression 
analysis of the A-H interval as a function of age, which 
revealed a weak but positive association of age and A-H 
interval in patients with organic heart disease. All of 
these findings were in keeping with the presence of heart 
disease of greater severity in the older patients (func- 
tional class II to IV). Interestingly, the incidence of 
trifascicular disease, as suggested by H-V prolongation, 
was identical in both the younger and the older 
groups. 

'Risk of A-V block. -role of associated organic 
heart disease: Our results vary from those of previous 


7 studies regarding the risk of A-V block in younger and 
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older patients.!-6 We found no difference in the inci- 
dence of A-V block in the two groups of patients with 
bifascicular block and organic heart disease. The risk 
of A-V block was about 4 percent in both groups. These 
observations suggest that previously reported differ- 
ences in the incidence of heart block in patients with 
bifascicular block cannot be explained by differences 
in age alone. Several factors may account for the varying 
incidence in the progression of conduction disease in the 
previously reported series, the most obvious of which 
is the inclusion of patients with organic heart disease 
in patients with chronic bifascicular block. Our labo- 
ratory?? has recently demonstrated that patients with 
chronic bifascicular block and organic heart disease 
have a greater extent, severity and progression of con- 
duction disease when compared with patients with 
primary conduction disease. Because the incidence of 
heart disease increases with age, a greater incidence of 
A-V block would be found in previous series of patients 
with bifascicular block with a higher mean age (because 
correction for the presence or absence of heart disease 
was not made).49 Other factors responsible for the wide 
range of reported incidences of A-V block in patients 
with chronic bifascicular block could include different 
criteria for patient selection, dissimilar methods of 
grouping and presenting the data and inclusion of pa- 
tients with preexistent A-V block.?^ 

Because our patients with advanced age did not have 
a greater incidence of H-V prolongation or development 
of A-V block, the question arises whether the duration 
of chronic bifascicular block was longer in this group 
than it would be in a younger group. Because bifasci- 
cular block increases with advancing age, it is very likely 
that as many of our older patients have recently ac- 
quired bifascicular block as have our younger patients 
(we have many more older patients than younger pa- 
tients). 

We also found a significantly greater mortality in our 
elderly patients with bifascicular block. 'The 5 year total 
cumulative mortality rate was 51 percent in the older 
group and 35 percent in the younger group. This finding 
was expected because mortality increases with age. 
Another factor that might be taken into consideration 
was the greater frequency of arteriosclerotic heart dis- 
ease in our older patients. 

Clinical implications: Our results suggest that age 
has no electrophysiologically demonstrable effect on the 
conduction system in patients with established chronic 
bifascicular block without organic heart disease and a 
minimal effect in those with organic heart disease. With 
the exception of the A-H interval in the latter patients, 
the severity of conduction disease is independent of 
advanced age. The longer A-H interval in older patients 
with heart disease probably reflects the greater severity 
of heart disease in this group. The risk of A-V block or 
sudden death, or both, is similar in both the younger and 
the older patients with and without organic heart dis- 
ease. The higher total cumulative mortality rate in the 
older patients is appropriate. The previously reported 
variability in the incidence of progressive conduetion 
disease in patients with chronic bifascicular block is not 
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explained by the difference in age as an independent 
variable. 

In regard to management of patients with chronic 
bifascicular block, age cannot be used as a determinant 
of risk of A-V block. In patients with chronic bifascicular 
block with either no symptoms or symptoms consistent 
with bradyarrhythmia, age cannot be used for deter- 


mining the risk of A-V block and should play a relatively 
small role in determining who should and who should 
not have permanent pacing. Other clinical findings as- 
sociated with advanced age, such as general physical 
condition and presence of heart disease, may play a role 
in selecting patients for permanent pacemaker inser- 
tion. 
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In 5 of 18 selected human hearts (15 from patients with early myocardial 
infarction and severe coronary arterial obstruction), coagulative myo- 
cytolysis (myofibrillar degeneration with contraction bands) was dem- 
onstrated in the specialized conduction tissue. Its morphologic pecu- 
liarities, apparently inherent in the number and arrangement of the affected 
myofibrils in each type of specific myocell, are described. In nine cases 
the ordinary cardiac muscle was also involved; in all hearts concomitant 
changes were present. The debated toxic catecholamine and anoxic 
aspects of coagulative myocytolysis are briefly reviewed in light of the 
finding that specialized tissue seems to withstand myocytolytic damage 
(or any ischemic-anoxic injury) better than ordinary myocardium. This 
may also explain why coagulative myocytolysis is observed less frequently 
and evidently in specific rather than in ordinary myocells. 

Clinicopathologic comparisons focused on arrhythmias, although 
hampered by inadequacies in routine electrocardiographic documentation, 
suggest that coagulative myocytolysis of the conduction system may be 
relevant to life-threatening disturbances in impulse formation and con- 
duction. These data, with their bearing on important current problems in 
cardiologic emergencies, deserve better morphopathophysiologic as- 
sessment. 


Coagulative myocytolysis, or myofibrillar degeneration with contraction 
bands,!-4 has been thoroughly studied in ordinary cardiac muscle but 
apparently not in the specialized conduction system. Yet, information 
about coagulative myocytolysis in the conduction system would aid 
clinicopathologic research on life-threatening arrhythmias!-? and also 
have a bearing on current discussion of the role of autonomic neural 
derangements in heart disease.* © 


Coagulative Myocytolysis 


Coagulative myocytolysis, a well known morphologic hallmark of 
exaggerated catecholamine action in pheochromocytoma”? and in ex- 
perimental catecholamine toxicity,^:191! is now recognized as one of the 
histopathologic features of various cardiac abnormalities such as myo- 
cardial infarction?-4, cardiomegaly!? and those caused by surgical injury 
(after open heart operations)^!? as well as sudden cardiac death.'— 
Accordingly, its finding lends basic support to the hypothesis of a com- 
mon sympathetic etiology." * 

The condition (Fig. 1) consists primarily of a disarray of myofila- 
ments,? followed by conglutination of hypercontracted sarcomeres into 
coarse, acidophilic bands across the cytoplasm, and eventual cytolysis! 
suggesting an exaggerated inotropic effect of catecholamines on heart 
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FIGURE 1. Ordinary myocardium in Case 18 (left) and Case 16 (right). 
Typical myofibrillar degeneration with contraction bands (left), with 
coarser conglutination into acidophilic clumps, and occasional lysis 
(right). (Iron hematoxylin X750 [left] and Azan X600 [right], both re- 
duced by 31 percent.) 


muscle, combined with severe anoxia. Indeed, cate- 
cholamine action increases oxygen consumption of the 
myocardium, and at the same time, reduces oxygen 
supply through coronary vasoconstriction, with platelet 
aggregation in small vessels.!! 'This in turn, makes it 
difficult to discriminate between the "hypersym- 
pathetic" and ischemic aspects of coagulative myocy- 
tolysis.?-46 

On the electrophysiologic level, the lowering of the 
ventricular fibrillation threshold, with triggering of fatal 
bursts of the arrhythmia,!^!4 represents the major 
hazard of enhanced adrenergic action, and correlates 
with the frequent finding of focal coagulative myocy- 
tolysis of heart muscle in sudden death.!4 

This study will (1) consider the hitherto neglected 
morphologic question of the possible occurrence and 
significance of coagulative myocytolysis of specialized 
cardiac tissue in relation to that of ordinary myocar- ' 
dium, and (2) provide a tentative comparison of histo- 
cytologic and pathophysiologic data. 


Methods 


Patients: The hearts of 18 patients were selected for study, 
17 from autopsy and 1 from surgical material. The selection, 





TABLE | 
Summary of 18 Cases 
Coagulative 
Myocytolysis 
Age Coronary ECG-Proved Ordinary Specific 
(yr) Arterial Arrhythmias and Myocar- Myocar- 
Case & Sex Diagnosis Obstruction Conduction Defects dium dium 
1 55M Anterior AMI L++, R4+ Complete AVB; ventricular — - 
tachycardia 
2 63M Anterior AMI L++, R+++ LBBB = a 
3 56M Anterior AMI L+++, R++ RBBB = - 
4 66 M Anteroseptal AMI (+++, A+ RBBB — -— 
5 70M Anterior AMI L+++, R+ RBBB Ma Di 
6 65 M Septal AMI L+++, R++ LPH, RBBB TT +RBB 
7 84M Posteroseptal AMI L++, R++ Complete AVB m: — 
8 63 M Anterior AMI L+++, R++ LPH, RBBB T+ +LBB 
9 55M Posterior AMI L++, R-++ LAH, RBBB P = 
10 £TF Anteroseptal AMI L+++,R+ RBBB = — 
11 86 M Anteroseptal AMI L+++,R++ 1° AVB = om 
12 69M Posterior AMI L++, R+++ Complete AVB + - 
13 63 M Posterior AMI L+, R++ SSS _ = 
14 33 M R atrial + posteroseptal LERTE T S-A block; ventricular T ++SAN 
AMI tachycardia 
15 72M Anteroseptal AMI; LITERA LAH, RBBB; ventricular — — 
open heart surgery; fibrillation 
death 1 day after i 
16 41F Death after Li, R+ WPW syndrome; reentrant TE ++SAN, 
open heart surgery tachy arrhythmias AVN, 
(A-V bundle section; LBB 
asystole) 
17 19M Surgical resection of L—, R— (local blood Ectopic R atrial tachycardia; + ? 
R atrial wall (no supply impeded by transient chaotic fibrillation - 
extracorporeal tight clamping) recorded by intracellular 
circulation) electrode. 
18 49 F Cardiomegaly (heart 850g) L+,R+ SSS TE +AVN 


in acromegaly 


+ = minimal; + = moderate; ++ = marked: +++ = severe or total (whenever applied to coronary arterial obstruction implies also occlusive 
thrombosis). 

Ant = anterior; AMI = acute myocardial infarction; A-V = atrioventricular; AVB = atrioventricular block; AVN = atrioventricular node; BB 
bundle branch; BBB = bundle branch block; L = left; LAH = left anterior hemiblock; LPH = left posterior hemiblock; R = right; S-A = sinoatrial; 
SAN = sinoatrial node; SSS = sick sinus syndrome; WPW = Wolff-Parkinson-White syndrome. 
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based on the theoretical presumption of coagulative myocy- 
tolytic involvement, encompassed 15 cases of early transmural 
myocardial infarction, 2 cases of death after open heart sur- 
gery (1 in a patient operated on for myocardial infarction), 1 
case of surgical resection of the right anterior atrial wall 
(without cardiopulmonary bypass) preceded by local ischemia 
for tight clamping of the fragment, and 1 case of high degree 
acromegalic cardiomegaly. The mean age of the subjects was 
60 years (range 19 to 86); 15 were male and 3 female. 
Histologic preparation: From each heart two main blocks 
of tissue were removed, one for study of the sinoatrial (S-A) 
node and its approaches and the other for study of the atrio- 
ventricular (A-V) conduction system in its entirety, according 
to a previously described procedure.!® Sample sections of the 
free ventricular wall were also included. The material was 
formalin-fixed, paraffin-embedded and sectioned in series 
every 100 to 150 u. The surgically excised atrial sample was 
entirely cut in series every 50 u. Sections were stained at 


. varying close intervals with trichromic Heidenhein (Azan), 


hematoxylin-eosin and, occasionally, iron hematoxylin. 
Clinicopathologic comparisons were made with available 
electrocardiographic documentation in each case; trans- 
membrane intracellular potentials were also recorded, after 
immersion in Tyrode solution, from the surgically excised 
atrial sample, wherein a rapid-firing automatic focus of ectopic 
tachycardia had previously been identified.!6 Table I sum- 
marizes the main data concerning postmortem and clinical 
diagnoses, coronary arterial obstruction, electrocardiegraphic 
abnormalities and differential involvement of ordinary and 
specialized myocardium in coagulative myocytolysis (with 
indication of the site). 


Results 


Incidence of coagulative myocytolysis: The pre- 
dicted finding of coagulative myocytolysis was made in 
50 percent of all cases, and in 40 percent of those of early 
myocardial infarction (Table I). Evidence of coagulative 
myocytolysis of specialized conduction tissue was found 
in five cases and was consistently associated with in- 
volvement of ordinary myocardium; in the atrial surgical 
specimen (Case 17) no specific myocardial tissue was 
involved. With exclusion of this latter case, coagulative 
myocytolysis.of the conduction system was found in 28 
percent of all examined hearts, and in 20 percent of the 
hearts with myocardial infarction. The latter hearts 
always exhibited severe coronary arterial obstruction, 
often with recent occlusive thrombosis (Table I). Cor- 
onary obstruction was atherosclerotic in origin except 
in Case 14. 

Pathologic findings in myocardium: In myocardial 
infarction with coagulative myocytolysis, whether or not 
the specialized tissue was involved, the lesion had a 
patchy, mainly subendocardial, distribution within or 
very close to the infarcted area, and it represented a 
minor component of largely prevailing degenerative or 
necrotic lesions, or both, of other types; in other con- 
ditions (Cases 16 and 18), small foci of coagulative 
myocytolysis were scattered throughout normal or hy- 
pertrophied or fibrotic myocardium. The ventricle alone 
was affected in cases of ventricular infarction and the 
atrium in right atrioventricular (posteroseptal) in- 
farction (Case 14), in death after open heart surgery 


ase 16) and in cardiomegaly (Case 18). 
In ordinary myocardium, myofibrillar degeneration 
W 


ith contraction bands exhibited the well known mi- 
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FIGURE 2. Case 16. Sinoatrial (S-A) node (left) and atrioventricular (A-V) 
node (right). Left, elusive evidence of myofibrillar degeneration as 
networks and dots within the polypoid cytoplasm of a pacemaker (P) 
cell in the S-A node, with coarser bands in adjacent transitional (T) cells. 
Right, A-V nodal ‘‘star cell" showing regularly spaced initial clumping 
of sarcomeres (arrow). (Azan X 1,250 [left] and X 1,000 [right], both 
reduced by 31 percent.) 


croscopic features,!-^7^.? ranging from thickening of 
sarcomeres to coarse “tiger-skin” coagulative patterns 
and conglutination into acidophilic clumps (Fig. 1). In 
all stages the lesion may be confined to a single tract or 
cell of a normal (or otherwise altered) myocardial 
bundle. 

Specialized conduction tissue: In specialized 
conduction tissue the presence of coagulative myocy- 
tolysis was definitely ascertained, its occurrence being 
less frequent (Table I) and evidence for it less striking 
than in ordinary cardiac muscle. Its demonstration thus 
generally required the highest magnification and a tri- 
chromic or iron hematoxylin stain. The lesion showed 
the following characteristics in the various parts of the 
conduction system: 

S-A node: Fine networks and dots of coagulation were 
visible in some pacemaker cells, with multidirectional myo- 
fibrils in their polypoid cytoplasmic radiations; adjacent 
elongated transitional cells showed coarse peculiar crossbands 
(Cases 14 and 16, Fig. 2). 

Internodal specialized pathways: Severe coagulative myo- 
cytolysis affected some broad and slender transitional cells!? 
situated mostly in the proximal middle and posterior tracts 
(Case 14, Fig. 3) and in the distal A-V nodal approaches (Case 
16). 

A-V node: A few "star eells" showed a fairly uniform 
thickening of hypercontracted sarcomeres as a sign of early 
myofibrillar degeneration (Cases 16 and 18, Fig. 2). 

His bundle: No evident changes were seen. 

Left bundle branch: Some disarray of myofibrils, with 
patches of coagulative hypercontraction (small thickenings 
and acidophilic bands) were present in Purkinje-like cells 
(Case 16, Fig. 3 and 4). 

Right bundle branch: 'The bundle branch fibers, very sim- 
ilar to ordinary myocardium, showed patchy involvement of 
coagulative myocytolysis (Case 6, Fig. 4). 

Apparently, these differences in light microscopic 
evidence of myofibrillar degeneration, between ordinary 
and specialized myocardium as well as among the spe- 
cific elements themselves, can be accounted for by the 
number and orientation of myofibrils peculiar to each 
cytotype.!5 The smaller the number and the poorer the 
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FIGURE 3. Internodal tract (Case 14, left) and left bundle branch (Case 
16, right). Left, coagulative myocytolysis in slender transitional cells 
of the posterior internodal tract. Right, early clumping into fine coag- 
ulation bands of the scanty myofibrils of a Purkinje-like cell (arrow) of 
the left bundle branch. (Azan X 1,250, reduced by 28 percent.) 


alignment of myofibrils, the more elusive and irregular 
were the patterns of myofibrillar degeneration. 


Discussion 


In all the studied hearts there was clinicopathologic 
evidence of ischemic-anoxic heart disease; in the 15 
hearts with acute myocardial infarction stenosis of the 
coronary arterial tree was preeminent, with 11 (73 
percent) showing early occlusive thrombosis of a major 
vessel, a finding in agreement with current aberra- 
tions.'® Although not corroborated by objective docu- 
mentation, enhanced catecholamine action can be 
theoretically assumed in all cases,4-7 particularly in the 
heart with acromegalic cardiomegaly.!? 

Myocardial versus conduction system involve- 
ment: The subendocardial layer of heart muscle, the 
layer most prone to ischemic damage,!? was also the 
preferential site of coagulative myocytolysis of ordinary 
myocardium. Coagulative myocytolysis of specialized 
tissue was not uncommon, although its lesser evidence 
and extent, by comparison with that in ordinary myo- 
cardium, suggests that the conduction system can 
withstand myocytolytic injury better than can working 
cardiac muscle. 

The less severe involvement of the conduction system 
can be attributed to the lesser dependence of specialized 
tissue on aerobic metabolism, in comparison with or- 
dinary myocardium.?? This lesser dependence protects 
the conduction system against anoxia due to insufficient 
arterial blood flow or oxygen saturation, or both. Such 
reasoning is supported by the fact that the left bundle 
branch, further safeguarded against anoxic injury 
through vicarious transendocardial oxygenation, tends 
to be spared from coagulative myocytolysis, as well as 
from other types of severe necrotic changes.2° The only 
evidence of severe myofibrillar degeneration of the left 
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FIGURE 4. Left bundle branch (Case 16, left) and right bundle branch 
(Case 6, right). Left, disarray and irregular thickenings along myofibrils 
in specialized cells of the left bundle branch (between arrows), Right, 
patchy, typical coagulative myocytolysis (arrows) of right bundle branch. 
(Azan X700 [left] and X 1,250 [right], both reduced by 26 percent.) 


bundle branch was seen in Case 16, with anoxia during 
cardiopulmonary bypass, an **empty" left ventricle and 
no possibility of transendocardial oxygenation. 

Correlation with cardiac arrhythmias and con- 
duction abnormalities: Actual clinicopathologic cor- 
relations of coagulative myocytolysis, within and 
without the conduction system with individual types 
of arrhythmias, could not be confirmed. Routine elec- 
trocardiograms, the only available in most cases, were 
perhaps not enough to document the reported close 
relation of the pathologic change with episodes of ven- 
tricular fibrillation.!-+!4 In one heart (Case 17) the in- 
tracellular recording of transient fibrillating activity in 
the atrial tissue, close to areas of coagulative myocytol- 
ysis, might have been purely coincidental with micro- 
electrode or surgical trauma, or both. An atrial change 
suggestive of coagulative myocytolysis was recently 
reported in association with atrial fibrillation.?! Nev- 
ertheless, if one considers the cardiac histopathologic 
damage as a whole, in most cases there were satisfactory 
clinicopathologic correlations with conduction (unidi- 
rectional) blocks, or varied focal-automatic or reentrant 
arrhythmias, or both (Table I). 

If one assumes that coagulative myocytolysis, 
whenever it occurs in the specialized cardiac tissue, 
plays the same pathogenetic role in provoking distur- 
bances of impulse formation or conduction, or both, as 
that of any other known lesion, it is possible to surmise 
that the electrocardiographic abnormalities in Case 14 
(sinoatrial [S-A] block) and in Cases 6 and 8 (bundle 
branch blocks) depended in part on the myocytolytic 
injury of the S-A node, internodal pathways and the 
bundle branch system, respectively. Had Patient 16 
survived, she, too, might have exhibited impairment of 
S-A nodal, A-V nodal and left bundle branch function 
due to coagulative myocytolysis of the conduction sys- 


tem. Hence, this lesion may have a particular bearing X. 
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tocytologic evidence that the condition may occur as an 
acute manifestation of anoxic-ischemic heart disease. 
This finding has clinical implications in light of the 
dramatic cardiac emergencies associated with distur- 
bances in rhythm and conduction observed in myocar- 
dial ischemia or anoxia. Further morphologic and 
pathophysiologic assessment of this lesion is essen- 


on life-threatening disturbances of impulse formation 
and conduction, and not solely on lethal ventricular fi- 
brillation.4^ This hypothesis conforms with the view 
that ventricular asystole or fibrillation (or both) often 
underlies a fatal outcome in early myocardial infarc- 
tion!4 (the main nosologic group under study). 
Implications: The present documentation of coag- 


ulative myocytolysis of specialized tissue provides his- tial. 
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The clinical significance and underlying mechanisms of S-T segment el- 
evation during exercise were evaluated by correlating the exercise-in- 


duced S-T elevation with the coronary arteriograms and left ventriculo- ' 


gram in 38 patients. Of these, 37 (97 percent) showed significant coronary 
artery disease; 71 percent of these had proximal lesions. Of 27 patients 
with old myocardial infarction manifested in the electrocardiogram at rest, 
25 had significant coronary artery disease and a ventricular aneurysm. 
All 11 patients with no previous myocardial infarction in the electrocar- 
diogram at rest had significant coronary artery disease but only 2 (18 
percent) had a ventricular aneurysm. One patient had a ventricular an- 
eurysm without coronary artery disease. The sites of S-T elevation cor- 
rectly localized the area of ventricular aneurysm of 30 (91 percent) of 
33 instances and the area of the compatible diseased vessels in 38 (95 
percent) of 40 instances. 

Our data suggest that (1) S-T elevation during exercise in the absence 
of a pattern of previous myocardial infarction in the electrocardiogram 
at rest indicates significant proximal coronary artery disease without 
ventricular aneurysm, whereas in the presence of such a pattern it is in- 
dicative of both ventricular aneurysm and significant proximal coronary 
artery disease; (2) the sites of S-T elevation accurately identify the lo- 
cation of ventricular aneurysm and the compatible diseased vessels; and 
(3) ischemia and abnormal wall motion may independently or additively 
underlie the mechanism for S-T elevation during exercise. 


S-T segment elevation is an infrequent occurrence during or after ex- 
ercise tests. Prevalence rates of 2 to 3.5 percent have been reported.!-? 
S-T segment elevation during and after exercise has been associated most 
commonly with severe coronary artery disease,'?-4 ventricular aneu- 
rysm!^" and, occasionally, with Prinzmetal's variant angina?-1?; on rare 
occasions it occurs in healthy subjects.?? However, severe coronary artery 


. disease and ventricular aneurysm often coexist, and in patients with S-T 


segment elevation during and after exercise it is not certain whether 
severe ischemia or ventricular aneurysm is responsible for the elevation. 
Electrophysiologically, S-T elevation was believed to be a result of sys- 
tolic and diastolic currents of injury created by an electrical gradient 
between the normal and ischemic cardiac tissue.!? It is also postulated 
that an electrical gradient exists between the normal cardiac tissue and 
the ventricular aneurysm at rest, which is potentiated by exercise giving 
rise to an S-T segment elevation both at rest and during exercise. In this 
study, we evaluated the clinical significance of S-T elevation during and 
after exercise by correlating electrocardiographic findings with those 
from coronary arteriography and left ventriculography in 38 patients. 


P 


An attempt is made to elucidate the underlying primary factor respon. 


Pennsylvania 15201. ' sible for the S- T segment elevation during and after exercise. N 
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Methods 


Patients: The cases of 1,620 consecutive patients who 


xu performed a graded treadmill exercise test according to the 


/ 


FE 


» 


Le 


Bruce protocol between January 1974 and July 1979 were 
reviewed. The data from 61 patients who exhibited horizontal 
S-T segment elevation of 1 mm or more from the baseline 
tracing in one or more leads during or after exercise were 
further analyzed. Thirty-eight of these had coronary arteri- 
ography and left ventriculography performed and constitute 
the study group. 

The exercise tests were performed on an automatic ad- 
justable treadmill (Quinton), and the 12 lead electrocardio- 
gram (Marquette exercise cable and three channel electro- 
cardiographic recorder) was recorded at rest, every minute 
during exercise and every 2 minutes after exercise up to 10 or 
more minutes after exercise. 

Coronary arteriography and ventriculography: All 


_ procedures were performed by the Sones technique using an 


image intensifier (Picker). All angiograms were obtained in 
the posteroanterior, right anterior oblique and left anterior 
oblique projections. Left ventriculography was done in the 
right anterior oblique projection. The results of the angio- 
grams and all exercise tests were evaluated independently of 
each other by four cardiologists. 

A significant coronary arterial lesion was defined as a lu- 
minal narrowing of more than 70 percent. A proximal lesion 
in the left anterior descending, left circumflex and right cor- 
onary arteries was defined as any lesion occurring between the 
origin of the vessel to the takeoff point of the first septal 
perforator, between the origin of the vessel to the takeoff point 
of the obtuse marginal branch, and between the origin of the 
vessel to the takeoff point of the anterior right ventricular 
branch, respectively. A left ventricular aneurysm was defined 
as any demarcated area of dyskinesia or akinesia adjacent to 

‘normally contracting myocardium resulting in a bulge. Data 
from the exercise electrograms were correlated with those of 
the coronary arteriograms and left ventriculogram. 


Results 


Clinical features: Of the 1620 patients, 61 (3.8 
percent) showed horizontal S-T segment elevation of 
1 mm or more from the baseline in one or more leads 
during or after exercise. Thirty-eight of these 61 pa- 
tients had recent coronary arteriography and left ven- 
triculography performed before or after the exercise 
test. There were 36 men and 2 women whose ages ranged 
from 36 to 67 years (mean 51.8 + 8standard deviations). 
Stress testing was performed because of chest pain in 
33 patients, of whom 22 had a history of previous myo- 


TABLE Il 


Coronary Arteriographic Findings in 37 Patients With Significant Coronary Artery Disease 


Degree of Occlusion 
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TABLE I 


Location of S-T Elevation During or After Exercise, or Both, 
in 38 Patients 


Cases 

Leads (n) 
V 4- Va (anteroseptal) 15 
V ,- Vs (anterior) 6 
V3- Vs (anterolateral) 2 
Il, IIl, aVF (inferior) 12 
|, aVL (high lateral) 10 
Total 45* 


e re i t ——M—n—m 


* Thirty-one patients had S-T elevation at one region and 7 had S-T 
elevation at two regions. 


cardial infarction. The remaining five patients were less 
than 40 years old and had a history of myocardial in- 
farction but no angina. Coronary arteriography was 
performed in 25 (66 percent), 10 (26 percent) and 3 (8 
percent) patients within 1, 4 and 6 weeks of the exercise 
test, respectively. 'The exercise test was terminated 
because of chest pain in 12 patients, fatigue and short- 
ness of breath in 22, ventricular irritability in 3 and the 
achievement of the predicted maximal heart rate in 1 
patient. 

Electrocardiograms at rest: Eleven of the 38 pa- 
tients had no electrocardiographic evidence of myo- 
cardial infarction, whereas 27 had a pattern of previous 
myocardial infarction defined as a Q wave of 0.04 second 
or greater in duration and 25 percent or more of the R 
wave in depth. Of these 27 patients, 13 had a mean (+ 
standard deviation) S-T elevation of 1.04 + 0.54 mm. 

Electrocardiograms during or after exercise: 
There was S-T elevation in 45 regions constituting 15 
anteroseptal, 6 anterior, 2 anterolateral, 12 inferior and 
10 high lateral regions of the heart. Seven patients had 
S-T elevation in two regions and 31 had S-T elevation 
in one region (Table I). 

The mean maximal S-T elevation during exercise in 
25 patients without preexisting S-T elevation at rest was 
1.92 + 0.87 mm; the 13 patients with a pattern of pre- 
vious myocardial infarction and preexisting S-T ele- 
vation at rest had a maximal S-T elevation of 3.19 + 1.0 
mm or an additional mean S-T elevation of 1.90 + 0.75 
mm from the baseline. 


E — M —— —— 


Proximal 
Subtotal Total Lesions 
Artery Total (91-95%) 70-90% (n) (n) 
LAD ` 20 9 2 31 28 (90%) 
LCx 5 6 rs 18 12 (67 %) 
RCA 12 5 5 22 14 (64%) 
. LMCA 0 3 2 5 
Total 37 23 16 76 54 (71%) 


“LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LMCA = left main coronary artery; RCA = right coronary 


"d artery. 
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TABLE Ill 


Location of S-T Elevation and Corresponding Diseased 
Coronary Artery in 37 Patients With Significant Coronary 
Artery Disease 








Electrocardiographic Diseased 
Location of S-T Elevation* n Artery Accuracy 
V 4- V3 (anteroseptal) 17 16 LAD 16 of 17 
V 1- Vs (anterior) 6 6 LAD 6 of 6 
V3- Ve (anterolateral) 1 — 0 of 1 
Il, IIl, aVF (inferior) 7 6 RCA, 1 LCx 7 of 7 
|, aVL (high lateral) 9 6LCx, 3LAD 9 of 9 
Total 38 of 40 (9596) 


* Data exclude one patient with S-T elevation in two regions without 
significant coronary artery disease. 

LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 


TABLE IV 


Location of S-T Elevation and Sites of Corresponding 
Ventricular Aneurysm in 27 Patients With Ventricular 


Aneurysm 
SEES SESE UMP TA a S ae ee ee LARA 
Location of Ventricular 
S-T Elevation* n Aneurysm Accuracy 
Vı-V3 (anteroseptal) 14 13 anterior or apical, 13 of 14 
or both 
V 4- Vs (anterior) 5 5 anterior or apical, 5 of 5 
or both 
V3- Ve (anterolateral) 2  lanterior, lateral, 1 of 2 
apical 
Il, Ill, aVF (inferior) 7 7 inferior 7 of 7 
l, aVL (high lateral) 5 5 anterolateral 5 of 5 
Total 31 of 33 (94%) 





* Data exclude eight patients with S-T elevation in nine regions 
without ventricular aneurysm. 


TABLE V 


Associated S-T Depression in Eight Patients With Single 


Vessel Coronary Artery Disease 
RATA AB: hd aS aia RS E A 7 


Patients 
Vessel (n) S-T Elevation S-T Depression 
LAD 4 V4- V5 (4) Il, IIl, AVF, Vs, Vg (4) 
LCx 1 Il, Wl, AVF (1) V4 (1) 
RCA 3 Il, Wl, aVF (2); Vs, Ve (1); Vo-V4 (1) 
Vi-Vo2 (1) Vs-Vs (1) 
Total 8 


cni Ne RD CDD ADT Pon PII a ERES AED SIS o cq bg 
Figures in parentheses indicate number of patients. 
LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 


Coronary arteriography: One patient had no sig- 


nificant coronary artery disease and 37 patients (97 ' 


percent) had significant coronary artery disease (13 with 
single, 9 with double and 15 with triple vessel disease). 
The 37 patients with significant coronary disease had 
a total of 76 significant lesions (37 with total occlusion, 
23 with subtotal occlusion and 16 with narrowing of 70 
to 90 percent). Of these 76 significant lesions, 54 (71 
percent) occurred in the proximal portion of the in- 
volved vessel (Table II). 

Left ventriculography: Twenty-seven patients (71 
percent) had one or more ventricular aneurysms, 
manifested by akinesia in 7 and by dyskinesia in 20 
patients. There were 31 aneurysms; 18 were anterior or 
apical, or both, 1 was anterolateral and apical, 7 were 
inferior and 5 were anterolateral. Eleven patients (29 
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FIGURE 1. Representative electrocardiograms from a patient with a pattern of previous myocardial infarction at rest and further S-T segment elevation 
during exercise. A, at rest. Note the Q waves in leads II, Ill and aVF with a slightly elevated and coved S-T segment and inverted T waves in the same 
leads consistent with old inferior wall myocardial infarction. Also note the mild S-T sagging in leads | and Vs and the downsloping S-T sagging with 

the inverted T wave in lead Vg of less than 1 mm. B, immediately after exercise. Note the coved S-T elevation of 2 mm in leads Il, Ill and aVF an 

S-T sagging of 1 mm in leads Vs and Ve. C and D, 2 and 6 minutes, respectively, after exercise. Note the progressive return of the S-T segment 
toward the baseline. E 
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percent) had no ventricular aneurysm; these included 
4 with hypokinesia and 7 with normal wall motion. 
Correlation of exercise electrocardiographic 
findings with results of angiography: Tables III and 
IV demonstrate the correlation between the S-T ele- 
vation at various locations and the corresponding 
compatible diseased vessels and ventricular aneurysm, 
respectively. The location of the S-T elevation predicted 
the corresponding coronary artery involved in 38 (95 
percent) of 40 instances and the corresponding ven- 
tricular aneurysm in 31 (94 percent) of 33 instances. Of 
these 27 patients with a pattern of previous myocardial 
infarction in the resting electrocardiogram who later 
exhibited S-T segment elevation during the exercise 
test, 26 (92.5 percent) had a ventricular aneurysm on 
angiography (Fig. 3 and 4). Analysis of the correlation 
of the degree of S- T elevation with the extent of coro- 


' nary artery disease showed that of 10 patients with S-T 


elevation of more than 3 mm, 9 (82 percent) had mul- 
tivessel disease and only 2 (18 percent) had single vessel 
disease. 


A 
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af Associated S-T depression in patients with single 


vessel disease: Among 13 patients with single vessel 
coronary artery disease, 8 had associated S-T segment 
depression in leads other than the sites of S-T elevation 
(Fig. 3 and 4). The corresponding sites of S-T depression 
and S-T elevation together with the compatible diseased 
coronary artery are shown in Table V and Figures 1 to 
4. 


Discussion 


Significance of S-T elevation: The prevalence of 
S-T elevation during or after exercise in our study is 
comparable with that of previous reports. Our data 
show that both significant coronary artery disease and 
ventricular aneurysms are commonly associated with 
S-T segment elevation during or after exercise, the 
former being more frequent. The coronary arterial le- 
sions were mostly severe and located proximally. In 
addition, a ventricular aneurysm was mostly found in 
patients with a pattern of previous myocardial infarc- 
tion in the electrocardiogram at rest but was uncommon 





LEFT CORONARY (RAO) 





END DIASTOLE 


END SYSTOLE 


FIGURE 2. Coronary arteriograms and left ventriculogram from the same patient as in Figure 1. A, selective right and left coronary arteriograms 
tained in the right anterior oblique projection (RAO). Note the total occlusion of the main right coronary artery at its origin (left) and the essentially 
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/ normal left coronary arterial system (right). B, left ventriculogram obtained in the right anterior oblique projection at end-diastole (left) and at end-systole 
/ (right). Note the inferior wall aneurysm seen at end-systole (arrows) corresponding to the region of S-T elevation in Figure 1. 
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in those without such a pattern. Thus, patients with a 
pattern of previous myocardial infarction in the elec- 
trocardiogram at rest who later manifested significant 
S-T elevation during or after exercise invariably had 
significant coronary artery disease in addition to a 
ventricular aneurysm, whereas in patients without this 
pattern the development of S-T segment elevation in- 
dicated significant proximal coronary artery disease 


without a ventricular aneurysm. With use of the 12lead ~ 


electrocardiographic monitor during and after exercise, 
a procedure not commonly used in prior studies, we 
were able to demonstrate excellent correlation between 
the sites of S-T elevation and the corresponding dis- 
eased coronary artery as well as the corresponding 
ventricular aneurysm. 

Our data are similar to those of Hegge et al.? on the 
frequency with which S-T segment elevation predicted 
the area of the corresponding diseased coronary artery. 
However, unlike these workers, we did not find that the 
presence or absence of a pattern of previous myocardial 
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FIGURE 3. Representative electrocardiogram of a patient without a pattern of previous myocardial infarction 
elevation. A, essentially normal electrocardiogram at rest except for mild left axis deviation. B and C, 


immediately after exercise. Note the 
in leads |, II, Ill, aVF and Vs to Ve. 


horizental S-T sagging in leads II, Ill and aVF of greater than 1 mm. E, 8 minutes after exercise. The 
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infarction in the electrocardiogram at rest determined 
the number of coronary arteries involved. Instead, our 
data suggest that the presence of this pattern is asso- 
ciated with a ventricular aneurysm in addition to severe 
coronary artery disease. We did find that S- T elevation 
of more than 3 mm during or after exercise suggested 
the presence of multiple vessel involvement with or 
without previous myocardial infarction. 

Significance of associated S- T depression: It has 
been suggested’ that the development of associated S-T 
segment depression in patients with S-T elevation 
during or after exercise implies multiple vessel in- 
volvement. Among our 13 patients with single vessel 
coronary artery disease in whom the regions of S-T 
segment elevation accurately localized the area of as- 
sociated ventricular aneurysm or severe proximal cor- 
onary artery disease, or both, 8 patients had associated 


S-T segment depression in other leads. In these patients ' 


the associated S-T segment depression probably re- 
flected reciprocal changes. In a recent study, !4 similar 





at rest and later significant S-T segment 
tracings obtained, respectively, during and 
progressive S-T segment elevation in leads V; to V4 with a maximum of 1.5 mm elevation and the S-T sagging 
D, 2 minutes after exercise. Note the return of the S-T segment toward baseline in leads V4 to V4 and the increased 


tracing has returned to baseline as in A. 
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findings of associated S-T depression in four patients 
with S-T segment elevation and single vessel disease, 
with correlation of exercise thallium-201 imaging with 
coronary arteriographic findings revealed that the 
thallium perfusion defect occurred only in the region 
of the S- T elevation. This finding further confirms that 
the associated S- T depression in patients with single 
coronary vessel disease was due to reciprocal changes 
rather than to ischemia. 

Mechanism of S-T elevation: The underlying 
mechanism responsible for the S- T segment elevation 
during or after exercise test has not been settled. Ex- 
periments with dogs!" showed that occlusion of a 
coronary artery was associated with S-T segment ele- 
vation in the epicardial leads close to the site of occlu- 
sion and S-T depression at sites farther away from the 
area of occlusion, suggesting that severe ischemia is the 
‘ cause of the S- T elevation. Coronary arterial spasm in 
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Prinzmetal’s variant angina and severe coronary artery 
disease with S-T segment elevation during or after ex- 
ercise provide further suggestive evidence that ischemia 
is responsible for the S-T elevation. However, it has 
been shown!9-?? that ischemia may cause dyskinetic or 
akinetic wall motion, which in turn may cause S-T ele- 
vation. Therefore, it can not be stated conclusively that 
ischemia is solely responsible for the elevation. Our 
study included a patient with a ventricular aneurysm 
and only mild disease (30 percent narrowing) in the left 
anterior descending artery and normal findings in the 
other coronary vessels. This patient did not have fea- 
tures of Prinzmetal's variant angina and did not have 
chest pain during the S-T elevation. In this patient the 
ventricular aneurysm may have been solely responsible 
for the S- T elevation. Eleven of our patients manifested 
S.T elevation associated with significant coronary ar- 
tery disease without ventricular aneurysm. In these 
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FIGURE 4. Coronary arteriograms and left ventriculogram from same patient as in Figure 3. A, selective right and left coronary arteriograms obtained 
in the right anterior oblique (RAO) projection. Note the essentially normal right coronary arterial system with prominent right to left collateral vessels 


to the left anterior descending branch (open arrow, 


at the mid portion of the left anterior descending coronary artery (second black arrow, 


left). Also note the subtotal occlusion at the proximal (first black arrow) and total occlusion 


right). B, left ventriculogram obtained in the right anterior 


oblique projection during end-diastole (left) and end-systole (right). Note the essentially normal left ventricular contraction without aneurysm. 
pm 
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patients ischemia may have been responsible for the S-T 
elevation. 

Because none of our patients underwent myocardial 
imaging and none underwent left ventriculography 
during exercise, the development of abnormal wall 
motion during ischemia could not be excluded. How- 
ever, it appears that ischemia and ventricular aneurysm 


S 


additively, and in some cases independently, may give 
rise to S-T elevation during and after exercise. 
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Patient Compliance 


MINIPRESS(srazosin Hc) 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


Titrate to 
2mqg b.i.d* 


Start with 
1 mg b.i.d* 


Titrate to 
10 mg b.i.d. 


Titrate to 
omg b.i.d* 


USUAL 
MAXIMUM DAILY 
DOSAGE 20 mg 
given in divided doses 
(bid orgıd.). Afew 
patients may benefit from 
further increases up to a 
daily dose of 40 mg given in 
divided doses 
a Initial Therapy: The starting 
dosage of Minipress is 1 mg b.i.d. 
or t.i.d. If response is not adequate 
by the next visit, the dosage should be 
increased to 2 mg b.i.d. or t.i.d 
= Dosage Titration: Titrate dosage slowly. 
according to patient response, to a maxi- 
mum of 20 mg daily in divided doses. Although 
some patients may be controlled on 1 mg b.i.d 
or t.1.d., generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
achieve optimal blood pressure control. 
= Maintenance Therapy: Maintain therapy on a D.i.d. or 
[.i.d. dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress as the initial agent, consider 
adding a diuretic. If optimum control is not achieved with 
Minipress and a diuretic, consider adding another Step 2 anti- 


hypertensive agent. When adding a diuretic or other antihypertensive 
agent, dosage of Minipress should be reduced to 1 mg or 2 mg L./.d 


and retitrated as needed 


*Or t.i.d. 


BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due toan 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose of the drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1% in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient'S regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering ofthe blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochioride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus. 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.396, headache 


a Minipress is available in 1-mg. 2-mg, and 5-mg capsules. 





7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug. 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus. dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: 1 mg two or three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250. 1000. and 
unit dose institutional packages of 100 (10x 10's); and 5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages of 10Q (10 x 
10's) 

More detailed information available on request. 
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Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 


Dean T. Mason, M.D. 


This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
area of immediate interest can be rapidly 
located and as much data as needed can 
be quickly extracted. The concentration 
on improved clinical management will be 
appreciated by every internist, cardiol- 
ogist, generalist, and any professional in- 
volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 
congestive heart failure: mechanisms, 
evaluation and treatment. Fifty-six recog- 
nized authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 


This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 
tribution to the improvement of patient 
care. We invite you to see if you don't 
agree. Order and take 30 days to look 
over the book. If you're not totally satis- 
fied, return it. 


About the author . . . Dean T. Mason, M.D. 
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Medtronic leads the way | 
to man’s heart with an amazing 
family of new ‘soar products 
including Spectraflex leads. 


Spectraflex...a series of new transvenous, 
tined, urethane, ventricular leads from 
Medtronic...part of the sophisticated new 
Spectrax™ product family for a broad variety 
of applications in pacing therapy. Spectraflex 
leads are amazingly thin. Choose from dif- 
ferent stylets for the degree of flexibility you 
prefer. 

Spectraflex leads are compatible with all 
Spectrax pacemakers including the Spec- 
trax-VL and the Spectrax-SX. Spectrax-VL is 
a small, simple, demand pacemaker for longer 
service life. Spectrax-SX is the smallest, most 
versatile programmable pacemaker yet for 
precise noninvasive adjustment of rate, pulse 
width, sensitivity, refractory period, hys- 
teresis, pulse amplitude and pacing modes. 
Both pacemakers have the Medtronic Pacing 
for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive versatility can make possible a 
more comfortable, normally active life for 
many patients. 












... broadening the spectrum of precise patient management 
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MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular Pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications There are no known contraindications 
to the use of pacing as a therapeutic modality forthe control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings —Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct iai for a complete list of warnings and precau- 
tions. 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects—Body rejection phenomena, including local 
tissue reaction, muscle and nerve Stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
. lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
Study of the technical manual supplied with each pro- 
grammer. 


Warnings—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
ions. 
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(potassium chloride 
lor oral solution 


20 mEq (1.5 g. KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KCl) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 10 mg. sodium. 


INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 

CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution: it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraindications.” 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 
per 20 g. dextrose, given I.V. in a dose of 300cc to 900cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cycle cation exchange resin, Orally Or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6 gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with V2 glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
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SYNTEX PUERTO RICO, INC. 
HUMACAO, PUERTO RICO 00661 
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CAN BE FRUITLESS. 


Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It’s 
like pouring salt straight into your 
orange juice—and just about as un- 
drinkable for many patients. That's 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
taste, the fresh tomato tang that 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO —the fruitless 


(potassium chloride 
for oral Solution) 20 mea as o «co 


Potassium with the tang of tomato. 
‘S| SYNTEX 


SYNTEX PUERTO RICO, INC 
HUMACAO. PUERTO RICO 00661 
Please see prescribing information on adjacent page 
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interest in Exercise and the Heart 


EXERCISE 


in Cardiovascular 
Health and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. E 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. $33.00 


This comprehensive work covers every aspect of exercise and its 
role in Diagnosis, Treatment, and Prevention of cardiac dis- 
ease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
L] Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
L] Nuclear cardiology 
O Computer analysis of the exercise ECG 
[] Stress myocardial scintigraphy 
L] Various interpretations of exercise tests in the asymptomatic 
population 
The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


"The list of contributors bespeaks its authority: outstanding physicians in cardiovascular medi- 
cine and distinguished physical educators . . . No serious student or practitioner in the field 
would wish to be without this remarkably thorough account . . ." 

David H. Spodick, MD, St. Vincent Hospital, Worcester, Mass. in The Journal of the American Medical 
Assoc., June 16, 1978, Vol 239, No. 24 

"Many areas in this field which have not as yet been addressed uhder one cover and a few rather 
unique ones are mentioned . . . an important synthesis of our current knowledge in the field." 


Harold T. Mankin, MD, Division of Cardiovascular Diseases and Internal Medicine, Mayo Clinic Proceedings, 
May 1978 


Yorke Medical Books 666 Fifth Avenue, New York, N.Y. 10019 AJC-4/80 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE at 
$33.00. | may use the book for 30 days and if not completely satisfied, return it for full refund or 
credit. 

O Payment enclesed, publisher pays shipping 


C] Charge my credit card Expire date A EEL S VOR CENE SU 1S 
O Master Charge [] Visa 


Card No O Bill me, plus cost of shipping 
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yi Oe SE EST ere a y e. wet Re ee Ome Ae CON Mg ee I ONDA. 
New York residents add applicable sales tax. Countries outside Western Hemisphere, prepay in U.S. funds or 


use credit card, and add $5.00 to price. 
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The M-101 Echocardiograph System integrates the 
most important features currently utilized in the new 
and rapidly developing science of non-invasive 
ultrasound examination. 


The M-101 Echocardiograph is designed for 
maximum effectiveness as a system. Central features 
facilitate examination: independent T.G.C. programmer 
(pinpoints echoes for finer diagnostic information), 16 
shades of gray, “frozen” display pictures, and 2 mem- 
-ory pages for storage of 2 or 4 seconds of image dis- 
play while storing calculated data, to name a few. 
Modular design provides a number of optional features 
and ensures system upgrade. In addition, M-101 listens 
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to the heart with a unique and exciting "brain": the 
Intelligent Digi-Analyzer or "Digitizer." 


The Digitizer is an on-line micro-processor that may 
be connected to the M-101 system for calculations of 
various parameters from displayed echo pictures. 
Essential patient data is shown next to "frozen" echo 
pictures. 59 cardiac functions and parameters may 
be measured with computer electronics accuracy, by 
joy-stick controlled cursors. Calculations are fast, 
"real-time" (during the examination) and may be stored 
for future reference. The Digitizer ensures computer 
certain precision and simplifies the examination process. 


For Further Information Contact: 
IPCO ULTRASOUND 
1025 Westchester Avenue, White Plains, N.Y. 10604 


Phone: (914) 682-4500 Telex: 99-6575 
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The effects of propranolol on myocardial perfusion and metabolism during 
acute myocardial infarction were studied in 18 mongrel dogs. A reversible 
snare was placed on the left anterior descending coronary artery; regional 
myocardial perfusion was continuously measured using the short-lived 
isotope krypton-8 1m, and myocardial metabolism was assessed using 
the epicardial electrocardiogram and measurement of release of creatine 
kinase activity from the affected segment of myocardium. Six dogs with 
no arterial occlusion acted as “sham operated" dogs; six others in which 
the snare was occluded acted as a control group and a third group of six 
were given propranolol, 0.5 mg/kg, 30 minutes after coronary occlusion. 
All variables were recorded before and for 5 hours after coronary occlu- 
sion. Dogs treated with propranolol showed a significant improvement 
in regional myocardial perfusion to the affected segment, decreased loss 
of electrically active myocardium at the end of each experiment for any 
given degree of early S-T segment elevation and a delay in the local re- 
lease of creatine kinase activity compared with that in the control dogs. 
These results suggest that propranolol exerts a beneficial effect on the 
progress of ischemic myocardial damage when given shortly after the 
onset of infarction. 


The place of the beta receptor antagonists in the treatment of angina 
pectoris is now firmly established.!? The effects of these drugs on heart 
rate, blood pressure and myocardial contractility are well known,?4 and 
it is likely that they will have beneficial effects on myocardial perfusion 
and metabolism during acute regional myocardial ischemia. However, 
only since the introduction of the short-lived isotopes has it been possible 
to observe rapid changes that may occur in regional myocardial perfu- 
sion.? In this study krypton 81m, a short-lived (half-life 13 seconds), inert 
and freely diffusing isotope, was used to study alterations in regional 
myocardial perfusion in the dog for 5 hours after occlusion of the left 
anterior descending coronary artery. In addition, myocardial metabolism 
was assessed using the epicardial electrocardiogram and measurement 
of increases of creatine kinase activity in coronary venous blood. The 
effects on these variables of intravenous propranolol, given 30 minutes 
after coronary occlusion, were measured. The possible role of this drug 
in the protection of the ischemic myocardium is discussed. 


Methods 


Experimental preparation: Eighteen mongrel dogs weighing 42 to 53 kg were 
anesthetized with intravenous sodium thiopentone (Pentothal®, 12 mg/kg body 
weight). Respiration was maintained by means of a cuffed endotracheal tube 
and a mechanical ventilator. Anesthesia was maintained by the intermittent 
intravenous injection of pentabarbitone sodium (Sagattal®, 2 mg/kg). Care was 
taken with each administration to ensure that the corneal reflex was not abol- 
ished and that the heart rate and aortic blood pressure changed by less than 5 
percent. 

A left thoracotomy was performed and the heart supported in a pericardial 
cradle. A reversible snare was placed around the left anterior descending coronary 
artery or one of its major branches. A no. 7 French cardiac catheter was intro- 
duced through a left femoral thoracotomy and positioned in the thoracic aorta; 
another catheter was introduced through a femoral venotomy into the inferior 
vena cava. Arterial blood pressure, in millimeters of mercury, was measured 
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continuously with a Statham P23 Db transducer and recorded 
on a multichannel instrument (Hewlett-Packard model 
7788A). 

Krypton-81m cardiac scintigrams: A modified Paulin 
catheter was introduced through a right femoral arteriotomy 
and seated in the aortic sinuses. Krypton-81m was contin- 
uously eluted in 5 percent dextrose in water from a rubid- 
ium-81 generator and infused into the aortic sinuses of each 
dog as a constant infusion at a rate of 5 to 10 ml/min (Wat- 
son-Marlow MHRE 200).56 

Each dog was placed in the left lateral position at the be- 
ginning of each experiment, and the camera positioned above 
the thoracotomy site, 4 to 6 cm from the surface of the heart. 
The left anterior descending coronary artery was occluded for 
30 seconds, and the camera was angled so that the regional 
defect in krypton-81m activity was on the edge of the image 
of the heart. This procedure helped to ensure that the counts 
from the posterior aspect of the heart did not interfere with 
analysis of the regional count rate in the ischemic zone. 

Quantitative high spatial resolution images of total and 
regional myocardial counts per minute of krypton-81m were 
recorded at 30 second intervals throughout each experiment. 
The gamma camera was linked to a digital computer (Del- 
tron-Nova 1220), and these images were recorded on a mag- 
netic disc. The resolution of the camera and collimator for 
krypton-81m was 7 mm, using a line spread function test. The 
digital computer was programmed to recall and display images 
recorded on an oscilloscopic screen within a 64 by 64 matrix 
of squares. Corrections were made for the decay of rubid- 
ium-81. The background activity was estimated by the si- 
multaneous recording of counts per minute from an area 
around the image in the field of the gamma camera, that was 
the same size as the heart image. Counts per minute of kryp- 
ton-81m were analyzed at the end of each experiment by 
constructing areas of interest on the visual display unit with 
an electronic light pen. The computer calculated the activity 
recorded in each area of interest for each 30 second interval 
of the experiment. These areas enclosed (1) the aortic root, 
(2) the area directly affected by the left anterior descending 
coronary arterial snare, and (3) the rest of the myocardial 
image (remote area). 

Epicardial electrograms: The input impedance of the 
recorder amplifier was 50 mQ (Hewlett; Packard 7788A, 
multichannel), and the frequency response of the whole sys- 
tem was less than 3 db from 0.05 to 120 hertz. The tracings 
obtained were reproducible throughout the 5 hour experi- 
ments. Epicardial electrograms were recorded through a single 
saline-soaked cotton electrode held over the myocardium to 
include the area affected by the snared left anterior de- 
scending coronary artery.9 The calibration was 1 mm-1 mV. 
Two electrode positions were in remote areas and six were 
positioned within the area supplied by the snared coronary 
artery. 

S-T segment elevation was measured above the T-P seg- 
ment 20 ms after the end of the QRS complex.’ The amplitude 
of the R waves was measured in millimeters to the nearest 0.5 
mm, using the same isoelectric line. The R wave amplitude at 
each site was calculated throughout the experiments, and the 
difference between each R wave at the start of each experi- 
ment and at 5 hours was calculated (AR). Small Q waves were 
seen in epicardial leads over the interventricular septum. The 
development of Q waves was recorded as the difference (in 
millimeters) 5 hours after severe coronary arterial narrowing 
(AQ). AII electrocardiographic recordings showing a Q to in- 
trinsic deflection interval greater than 40 msec or a QRS du- 
ration greater than 65 ms were excluded from the study.?8 

If the R waves in the remote epicardial positions or the limb 
leads showed progressive changes in axis, the recordings were 


rejected. Epicardial electrograms recorded during the 20 
minute control period and in the remote areas throughout the 
experiments showed no significant change in S-T segments 
(more than +2 mV change from the isoelectric), and no sig- 
nificant change in R wave amplitude (more than +4 percent 
variation). 

Epicardial electrograms were recorded at 5 minute inter- 
vals before and after occlusion of the left anterior descending 
coronary artery. Recordings were made at 20 minute intervals 
for the remainder of each experiment. The effects of respira- 
tion were taken into consideration by measuring the mean S-T 
segment elevation and R wave amplitude from five electro- 
cardiographic complexes with each observation. 

Creatine kinase activity: In each dog, Portex tubing 
(outer diameter 0.63 mm) was introduced into a coronary vein 
lying parallel to the left anterior descending coronary artery. 
The tubing was advanced until the end was distal to the cor- 
onary snare and within a coronary vein draining the area 
supplied by the snared artery. One milliliter blood samples 
were drawn every 30 minutes from the aortic and coronary 
venous catheters simultaneously. The tubing was flushed with 
heparinized dextrose after sampling, and care was taken to 
remove the dextrose before each sample was taken. The blood 
samples were stored in heparinized tubes on ice for up to 3 
hours before centrifuging. The plasma was separated by 
centrifuging at 2,500 g for 10 minutes. Plasma samples were 
kept overnight at 4°C before assaying for creatine kinase ac- 
tivity. Creatine kinase activity was determined kinetically at 
25°C in a Cecil CE 275 spectrophotometer linked to a Ser- 
voscribe recorder. The reaction mixture was prepared from 
Boehringer creatine kinase-activated ultra violet test systems. 
Samples with activity greater than 250 m.units.ml^! were 
diluted with heat-deactivated dog plasma to reduce the acti- 
vation effect of dilution.9:!° 

Experimental groups: The 18 dogs were separated into 
three groups: 

Group 1 (control group): In six dogs, quantitative kryp- 
ton-81m cardiac scintigrams, the epicardial electrocardiogram, 
blood pressure and arterial and coronary venous blood sam- 
ples were monitored during a 20 minute control period. The 
left anterior descending coronary artery was occluded and all 
observations were continued for 5 hours. 

Group 2 (propranolol-treated group): In six dogs, the ob- 
servations were recorded as in group 1 during a 20 minute 
control period. The left anterior descending coronary artery 
was occluded, and all observations were continued for 5 hours. 
Thirty minutes after coronary arterial narrowing, propranolol, 
0.5 mg/kg, was given intravenously over 15 minutes. This dose 
was selected because it abolished the inotropic and chrono- 
tropic effects of an intravenous injection of isoprenaline (0.3 
ug/kg) and this alteration was thought to represent significant 
adrenoreceptor blockade. 

Group 3 (sham operated group): In six dogs, the coronary 
arteries were not occluded. All observations were recorded as 
in group 1 for 5 hours. The krypton-81m scintigrams, epicar- 
dial electrocardiogram and blood pressure showed no abnor- 
malities and were stable. 

Analysis of data: The changes in the regional and total 
myocardial activity of krypton-81m and plasma creatine ki- 
nase activity during the experiments were analyzed by analysis 
of variance. The electrocardiographic signs were analyzed 
using linear regression and an f test of slopes and a Wilcoxon 
rank sum test to compare the slopes. 


Results 


Heart rate and blood pressure: Arterial pH and 
partial pressures of oxygen and carbon dioxide all varied 
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by less than 10 percent throughout the experiments. 
The mean aortic pressure was 92.3 + 6.3 mm Hg (mean 
+ standard deviation) and mean heart rate was 138 + 
24.5 beats/min at the beginning of the experiments. 
These varied by less than +3 percent during the 20 
minute control periods in all three groups and 
throughout the 5 hour experiments in the control group 
(group 1) and the sham operated group (group 3). In 
group 2, the six dogs given propranolol (0.5 mg/kg).30 
minutes after occlusion of the left anterior descending 
coronary artery, the heart rate and systolic blood pres- 
sure varied by less than 3 percent before occlusion and 
then decreased from 144 + 23.3 to 96 + 13.2 beats/min 
and from 93.1 + 9.0 to 85.7 + 7.4 mm Hg, respectively, 
after the intravenous injection of the drug. These vari- 
ables returned to control levels after 2.8 + 0.5 hours. 

Krypton-81m myocardial activity: The measured 
background activity did not exceed 2.5 percent of the 
total myocardial activity of krypton-81m in any ex- 
periment. The activity in the area enclosing the aortic 
root did not vary by more than +3 percent throughout 
all the experiments. The initial value of counts per 
minute of krypton-81m in each region has been treated 
as 100 percent and changes have been calculated as 
time-activity graphs. 

In the six dogs that received no drugs (group 1, 
control group), the total and regional activity of kryp- 
ton-81m varied by less than +5 percent during the 20 
minute control period. After occlusion of the left ante- 
rior descending coronary artery there was a decrease in 
regional myocardial perfusion in the area of myocar- 
dium supplied by the occluded vessel. ‘This was seen as 


FIGURE 1. Krypton scintigrams in 
a control dog show a typical ex- 
ample of A, uniform distribution of 
perfusion during the control period; 
B, regional ischemia 1 minute after 
left anterior descending coronary 
artery narrowing; C and D, the 
natural history showing spontane- 
ous diminution in regional ischemia 
at 45 minutes and 5 hours after 
coronary artery narrowing, re- 
spectively. Intravenous propranolol 
given 30 mintues after coronary 
artery narrowing produced a greater 
improvement in regional ischemia 
than that seen in the control dogs. 
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a defect in the images (Fig. 1) and a sudden loss of ac- 
tivity in the ischemic area of interest (Fig. 2). Both the 
images and the time-activity graphs showed a sponta- 
neous improvement over the 5 hour monitoring period 
(Fig. 1 and 2) (probability [p] <0.01). 

In the six dogs that received propranolol 0.5 mg/kg 
(group 2), the total and regional activity of krypton-81m 
also varied by less than +5 percent over the 20 minute 
control period, and there was a sudden regional decrease 
in activity seen in both the images and time activity 
graphs after occlusion of the left anterior descending 
coronary artery (Fig. 2). After the injection of pro- 
pranolol there was a 28 percent increase in the myo- 
cardial activity of krypton-81m over the 5 hour study 
period in the areas of the heart directly affected by the 
left anterior descending coronary arterial snare (p 
« 0.01) (Fig. 2). The improvement in regional myocar- 
dial perfusion to the ischemic area was significantly 
different from results in the control group (p «0.01 ). 

The six dogs in group 3 (sham operated group) 
showed no significant variation (less than +5 percent) 
in the total or regional myocardial activity of krypton- 
81m throughout these experiments. 

Epicardial electrographic changes: During the 
control periods in all dogs and throughout the experi- 
ments in the sham operated dogs (group 3) there were 
no significant S- T segment changes or alterations in R 
wave amplitude. Epicardial S- T segment elevation was 
noted within 45 seconds of coronary occlusion in the 
dogs in groups 1 and 2. This elevation increased to a 
maximum of 56 + 12.4 mV at 21 + 2.4 minutes, and in 
both the control and propranolol-treated dogs it de- 
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FIGURE 2. Percent changes in the regional activity of krypton-8 1m from 
the area of myocardium directly affected by the coronary arterial snare 
(lower graphs) and the rest of the myocardium (upper graphs). The 
stable control period, the onset of ischemia, (occlusion), the results over 
5 hours for the control group (dotted lines), and the effects of intrave- 
nous propranolol (solid lines) are shown. The differences between the 
propranolol-treated and control groups were significant (p < 0.01). 8'mkr 
— krypton-8 1m; SD — standard deviation. 


creased significantly during the 5 hours that followed 
(p <0.01). However, in the latter group the epicardial 
S-T segment followed the same natural history as in the 
control dogs until the intervention, after which it de- 
creased more rapidly. The analysis of variance showed 
a p value of «0.01 at 1 and 5 hours. 

An increase in epicardial R wave amplitude was 
noted within 45 seconds of narrowing of the left anterior 
descending coronary artery and reached a peak of 46 + 
10.3 mV at 18.7 + 3.6 minutes. All the dogs in the control 
and propranolol-treated groups showed a progressive 
loss of R wave amplitude and appearance of Q waves 
during the 5 hours at those epicardial sites within the 
area affected by the coronary arterial snare. 

In each dog, the S-T segment elevation in millivolts 
recorded from each epicardial site at 15 minutes was 
related to the final loss of R waves (AR mV) plus the 
appearance of Q waves (AQ mV) as assessed with linear 
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FIGURE 4. Changes in plasma creatine kinase activity in the aorta and 
coronary vein (within the ischemic area) show that the arteriovenous 
difference was positive up to 90 minutes in the control group, but 
thereafter the venous creatine kinase activity increased and exceeded 
the level in the aorta. In dogs receiving propranolol, creatine kinase 
activity in the coronary venous samples did not exceed that in the aorta 
until 180 minutes (p < 0.01). The mean and 1 standard deviation of the 
creatine kinase activity are shown. 
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FIGURE 3. A median slope and interquartile range for S-T elevation and 
R and Q wave voltage in the control group (six dogs) and in the pro- , 
pranolol-treated group (six dogs). Wilcoxon rank sum tests showed that 
in the propranolol-treated dogs, less myocardium was lost (AR + AQ 
at 5 hours) than in the control group for any single measure of ischemia 
(S-T elevation at 15 minutes) (p < 0.01). 


regression analysis. All 12 dogs in both the control and 
propranolol-treated groups showed correlation coeffi- 
cient (r) values of >0.9 and a p value of «0.01. The 
slopes of the six regression lines in group 1 were signif- 
icantly different (f test p <0.01) and were used to cal- 
culate a median slope and interquartile range (Fig. 3). 
The electrocardiographic signs in the six dogs given 
propranolol were treated in the same way and showed 
the same r and p values; a median slope and interquar- 
tile range were calculated (Fig. 3). A Wilcoxon rank sum 
test showed that the slopes of the two groups were sig- 
nificantly separated and different. This showed that for 
any given degree of S- T segment elevation the control 
dogs showed more QRS changes than the dogs treated 
with propranolol. 

Creatine kinase activity: The plasma activity of 
creatine kinase in the aortic samples increased 
throughout the experiments. However, although in the 
control dogs the plasma activity of creatine kinase in the 
coronary venous samples exceeded that in the aorta at 
90 + 15 minutes, in the dogs receiving propranolol the 
coronary venous activity did not exceed the aortic level 
until 180 € 21 minutes (p «0.01) (Fig. 4). In the sham 
operated dogs (group 3) the coronary venous plasma 
activity of creatine kinase was consistently below that 
of the aorta throughout the 5 hour experiment. 

Discussion 

In this study we evaluated the effects of propranolol 
given shortly after coronary arterial occlusion. In con- 
trast with previous work, we used the short-lived isotope 
krypton-81m, which allows assessment of moment to 
moment changes in myocardial perfusion. In addition, 
myocardial metabolism was assessed using the epicar- 
dial electrocardiogram and measurement of the local 
release of creatine kinase activity. 

Krypton-81m activity as a measure of myocardial 
blood flow: Previous work!!:? in dogs showed that, 
provided the alterations in heart rate and blood pressure 
are within the limits of those seen in this study, a con- 
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stant infusion of krypton-81m will result in a stable 
arterial concentration and mixing of the indicator being 
delivered to the coronary circulation. Temporary 
changes of less than 5 percent in heart rate and blood 
pressure were noted with coronary occlusion. The ab- 
sence of consistent or significant changes in these he- 
modynamic variables is ascribed to the fact that only 
small or at most moderate-sized infarcts were produced. 
This inert and freely diffusing radionuclide will accu- 
mulate in the myocardial water space resulting in an 
equilibrium of activity within the heart. If the aortic 
sinus infusion is constant, this dynamic equilibrium 
permits the measurement of regional myocardial ac- 
tivity of krypton-81m to investigate changes in regional 
myocardial perfusion.9? As blood flow increases, the 
effects of washout of krypton-81m on the relation be- 
„tween regional counts per minute and blood flow be- 
come more important. 

Prior studies,!2 however, have shown a significant 
relation between the myocardial flow measured using 
an electromagnetic flow probe and that calculated using 
the calibrated activity of krypton-81m. The gamma 
camera represents the heart in twó dimensions and the 
images may be affected by heart size and shape. These 
effects can be partially overcome by observing the region 
of interest on the edge of the image of myocardial ac- 
tivity. This practice minimizes interference from 
krypton-81m counts per minute from the opposite side 
of the heart. In its present form the technique cannot 
separate endocardial and epicardial counts per minute 
of krypton-81m. The measurements obtained are a 
mean estimate of transmural flow events in the area of 
interest. Single photon tomography may be of help in 
the future. The present technique does not depend for 
its value on absolute measures of flow; rather, the steady 
state approach gives faithful moment to moment 
changes in directional alterations in flow. The high 
count rates localized to the myocardium, the negligible 
background and the single 190 kev gamma ray provides 
excellent resolution of events. No attempt was made to 
interpret counts per minute in the border zone between 
the ischemic and normal myocardium. The use of 
krypton-81m provides an advance over existing meth- 
ods of determining myocardial perfusion. In particular, 
radioactive microspheres allow only single measure- 
ments to be made, although previous work!? has shown 
good agreement between the two techniques. 

Effect of propranolol on perfusion of ischemic 
myocardium: Propranolol given 30 minutes after the 
occlusion of the left anterior descending coronary artery 
caused a significant increase in regional myocardial 
perfusion to the affected segment of myocardium. 
Theoretically at least, blockade of the beta receptors 
may be expected to produce systemic and coronary 
vasoconstriction.!4 Experimental animal studies con- 
firmed that, although this did occur in the normal 
heart,!?16 in the presence of myocardial ischemia pro- 
pranolol did not reduce flow!” and indeed caused a 
significant increase in the ratio of endocardial to epi- 
cardial flow in both ischemic and nonischemic myo- 
cardium,!? a factor that will favor the function of the 
ischemic myocardium. Vatner and colleagues,!??? using 
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short-term studies and evaluating myocardial perfusion 
in conscious dogs, found that propranolol depressed 
function slightly but improved flow to the ischemic 
myocardium. These studies, like our own, used modest 
doses of propranolol. In our studies the ability to ob- 
serve changes in myocardial perfusion is demonstrated. 
It is possible that the improvement in perfusion noted 
during myocardial ischemia resulted from blocking of 
excessive sympathetic activity, a physiologic response 
that may detrimentally affect regional blood flow to the 
ischemic area by increasing perfusion to the normal 
areas. Further, it has been postulated!? that propranolol 
may improve myocardial perfusion consequent to im- 
proved collateral flow to the endocardium. This change 
would not be evident in studies using a flow probe but 
was detected with use of radioactive microspheres and 
xenon clearance.!^:!? 

In our study propranolol caused a gradual increase 
in myocardial perfusion to the ischemic area instead of 
the rapid increase that one would expect if the alter- 
ations in flow followed a propranolol-induced decrease 
in heart rate with prolongation of diastole. The rise in 
myocardial perfusion only became manifest as heart 
rate and blood pressure were beginning to increase. We 
suggest that propranolol improved myocardial perfusion 
by reducing heart work and thereby myocardial oxygen 
consumption in both ischemic and nonischemic areas. 
Consequently less adenosine triphosphate will be con- 
sumed and more high energy phosphate stores will be 
available to preserve the cell. These events will lead to 
a decrease in capillary endothelial edema and myocar- 
dial swelling, which normally impair collateral flow. 
These changes would not be expected to occur suddenly 


but would have a slow gradual effect on the natural . 


history of the ischemic process. However, Peter et al.?! 
were unable to demonstrate an improvement in myo- 
cardial blood flow using radiolabeled microspheres 
given before and 24 hours after coronary ligation. Apart 


from different methodology their studies differed from — 


ours in that relatively enormous doses of intravenous 


propranolol were given (5 mg/kg). These effects of . 
propranolol may well be dose-related, and at larger - 


doses the effects on myocardial perfusion could be ex- 
pected to be different. 
Effect of propranolol on electrocardiographic 





signs of ischemia: Considerable objections have been — 


raised to the use of the S- T segment in precordial and 


epicardial electrocardiograms for evaluating the effects 1 


of interventions on infarct size.22 Nevertheless, Reimer 
and his colleagues?? recently found a close relation be- 
tween the early manifestations of ischemia (S-T seg- 
ment elevation) and the later signs of cell death (R wave 
loss and Q wave gain). In their study, dogs given intra- 
venous propranolol manifested less R wave loss and Q 
wave gain for any given degree of early S- T segment 
elevation than did the control dogs. Their qualitative 
approach, in which each dog was used as its own control, 
provides supportive evidence for the beneficial effects 
that intravenous propranolol may theoretically .pro- 
vide. 

Effect of propranolol on creatine kinase release: 
Attempts to compare the total release of creatine kinase 
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activity from one dog to another will not provide 
meaningful results because of the large random varia- 
tion in the size of the ischemic segment. Changes in the 
coronary venous activity of creatine kinase will occur 
postoperatively and for this reason we performed si- 
multaneous measurement of creatine kinase activity 
from the aorta and local coronary vein. This procedure 
permitted study of release of creatine kinase activity in 
the period after coronary occlusion. Lower levels of 
creatine kinase activity were found in the dogs treated 
with propranolol. Certainly it is possible that the lesser 
values of creatine kinase in the venous blood after ad- 
ministration of propranolol are simply due to dilution 
by increased collateral flow; consequently we made no 
attempt at quantitation on the basis of creatine kinase 
activity levels. Any measure of the total creatine kinase 
activity released would require measurement of venous 
blood flow in the ischemic myocardial segment. How- 
ever, several studies?*?^ using isolated perfused hearts 
have shown that acceleration or delayed release of cre- 
atine kinase activity is associated with changes in the 
time course of myocardial injury. Our study revealed 


marked differences in the time for the release of creatine 
kinase activity that are unlikely to be due simply to a 
change in coronary collateral venous blood flow. In ad- 
dition, the delayed release in the propranolol-treated 
dogs correlated with an improvement of blood flow and 
electrocardiographic signs. 

Clinical implications: In our study open chest 
anesthetized dogs were studied. The effects of pro- 
pranolol in the conscious closed chest model may well 
be different.!? The myocardial depressant effects of the 
anesthesia?? and the recent surgical procedure could 
intensify the depressant effects of the beta adrenergic 
blocking agent. Propranolol in this study and in others 
using the open chest anesthetized dog?^28 was associ- 
ated with a marked decrease in heart rate; in contrast, 
workers!?2?? using a closed chest model found more 
modest reductions in heart rate. Therefore, our results. 
cannot be directly extrapolated to human beings but do 
indicate that further work is necessary to determine if 
similar beneficial effects can be achieved in patients and 
if these same effects will occur when propranolol is given 
2, 4 or 8 hours after myocardial infarction. 
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A method for recording electrical activity of the sinoatrial (S-A) node and 
automatic atrial foci in human subjects is described. To record S-A nodal 
electrograms, an electrode catheter was inserted percutaneously into 
the femoral vein and advanced under fluoroscopic control to the superior 
vena caval-right atrial junction. The distal terminal of the catheter was 
placed in the area of the S-A node and the proximal terminal on the free 
right atrial wall or in the right atrial lumen. Polarity was reversed from the 
conventional electrocardiographic recording; high amplification (about 
100 V/cm) and selective filters (0.1 to 20 hertz) were used. 

S-A nodal electrograms recorded with this method in human subjects 
were similar to electrograms obtained previously from the dog and rabbit 
and revealed negatively directed diastolic and upstroke slopes preceding 
the P wave of the electrocardiogram. Sinoatrial conduction time measured 
from the S-A nodal electrograms in 15 cases was 34.9 + 2.1 ms (mean 
+ standard error of the mean) for a sinus cycle length of 736.4 + 38.6 ms. 
The coronary sinus electrograms in a patient with coronary sinus rhythm 
were recorded by the same technique except that the distal terminal of 
the catheter was placed at the coronary sinus ostium. A negatively di- 
rected diastolic slope preceding the P wave was consistently re- 
corded. 

This method for recording electrograms of the S-A node and ectopic 
automatic atrial foci should prove useful in (1) assessment of both normal 
and abnormal S-A nodal function, (2) direct determination of conduction 
time from the S-A nodal pacemaker to the atrium, and (3) localization 
of automatic atrial foci. 


Recent studies from our institution? demonstrated that the pacemaking 
region in the rabbit and canine sinoatrial (S-A) node gives rise to char- 
acteristic extracellular potential changes. These extracellular changes 
consist of low frequency and low amplitude negatively directed deflec- 
tions, that is, a diastolic slope and an upstroke slope that correspond with 
phase 4 and phase 0 of the transmembrane action potential of the S-A 
nodal pacemaker cell group.'? We also demonstrated that these extra- 
cellular changes can be recorded from the intact dog from both the en- 
docardial and epicardial surfaces of the right atrium.? Further, using an 
electrode probe placed on the epicardial surface over the S-A node, we 
recorded S-A nodal electrograms from patients who underwent cardiac 
surgery.? ; 
This study describes an application of this extracellular recording 
method to patients studied during cardiac catheterization. Through an 
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electrode catheter placed in the region of the S-A node, or parent before the study. The recording of the S-A nodal 
we have recorded electrograms that closely resemble the electrograms was carried out after completion of the hemo- 
rabbit and canine S-A nodal electrograms and those dynamic studies. Medications given several hours before and 
obtained from patients during cardiac surgery. Our during the cardiac catheterization and other pertinent clinical 


data are listed in Table I. The electrical recording period was 
never longer than 15 minutes. 

Recording procedures and techniques: Three types of 
curved electrode catheters were used to record S-A nodal 


study suggests that these electrograms recorded through 
a catheter identify the extracellular potentials produced 
by the membrane currents of human S-A nodal pace- 


maker cells. electrograms (Fig. 1): (A) a no. 5 French bipolar His bundle 

i With this method, we were able to record a negatively catheter (Elecath) with an interterminal distance of 15 mm; 
directed diastolic slope from the region of the coronary (B) a no. 7 French tripolar His bundle catheter (Elecath) with 
sinus ostium in a patient with an ectopic atrial rhythm. interterminal distances of 15 mm; and (C) a specially designed 
The slope preceded the P wave of the electrocardiogram, no. 7 French hexapolar catheter (Elecath) with interterminal 
and the records are consistent with the presence of an distances, from distal to proximal, of 3,3,3, 15 and 15 mm. 


Immediately after removal of the catheter used for the he- 
modynamic studies, one of these electrode catheters was in- 
troduced percutaneously into the right or left femoral vein. 
Guided by fluoroscopy, one or two of the most distal terminals 


automatic focus in the coronary sinus; records of 
transmembrane potentials from this region of the canine 
heart make this a reasonable conclusion.4 


Methods of the bipolar or tripolar catheter or one of the four most distal - 
terminals of the hexapolar catheter was placed at the superior 
Patients: We attempted to record S-A nodal electrograms vena caval-right atrial junction and the more proximal ter- 
in 30 patients with various forms of congenital and acquired minals were placed on the free right atrial wall or in the right 
heart disease during cardiac catheterization performed for atrial lumen. 
evaluation of their heart disease. Their ages ranged from 5/12 A frontal electrocardiographic lead showing the largest P 
to 69 years, and 25 patients were less than 15 years of age. wave and simultaneous bipolar S-A nodal electrograms were 
Nineteen were male and 11 female (Table I). The experi- monitored and recorded using an Electronics for Medicine DR 
mental protocol was approved by our institutions's Review 16 recorder. An isolation transformer was interposed between 
Board and informed consent was obtained from each patient the patient and the recorder; this isolation transformer did 
TABLE | 
Clinical Data of 30 Patients in Whom Recording of Sinus Electrograms Was Attempted 
Age (yr) Sinus CL SACT 
Case & Sex Diagnosis Medications (ms) (ms) Catheter 
1 13M S/P SV C,M,P 684 46 Bipolar 
2 6M PAPVR C,M 858 44 Tripolar 
3 57M CAD A,P,S 845 55 Tripolar 
4 2F Coarct C,D,M,P 450 ? Tripolar 
5 4M S7P PS C,D,M,P 473 7 Tripolar 
6 4M S/P ToF A,C,K,M 631 ? Bipolar 
7 2F VSD C,D,M,P 492 ? Bipolar 
8 36M MYOC DG,DI,W 710 y: Bipolar 
9 6F ToF,PA C,M,P 560 ? Bipolar 
10 6M S/P PS, 2°ASD C,D,M,P 845 ? Tripolar 
11 5M MR, 1°ASD C,D,M,P 603 ? Tripolar 
12 8F S/P ToF C,D,M,P 743 ? Tripolar 
13 5/12M TGA C,M,MO,P 440 ? Bipolar 
14 4M VSD C,K,M,P 642 ? Tripolar 
15 4F PFO C,M,P 460 25 Hexapolar 
16 6F VSD C,M,P 465 31 Hexapolar 
17 6 1/2F Coarct, 22ASD MO 565 38 Tripolar 
18 1M TGA C,M,P 635 ? Hexapolar 
19 20M S/P TGA C,M,P 840 38 Bipolar 
20 69M CAD A,P,S 710 35 Tripolar 
21 14F S/P ToF C,M,P 760 36 Hexapolar 
22 12F S/P ToF C,M,P 810 28 Tripolar 
23 12M S/P TGA C,M,P 950 35 Tripolar 
24 2M VSD, PDA, 2°ASD C,M,P 515 ? Tripolar 
25 6F ToF C,M,P 575 ? Hexapolar 
26 69M CAD A,IS,MO,PR 960 28 Bipolar 
27 3M S/P TGA C,M,P 730 31 Hexapolar 
28 9F PS C,M,P 630 26 Bipolar 
29 3M TGA C,M,P 780 28 Tripolar 
30 9M S/P ToF C,M,P 660 ? Hexapolar 


1° ASD = atrial septal defect (ostium primum type); 2° ASD = atrial septal defect (ostium secundum type); A = atropine; C — chlorpromazine; 
CAD = coronary artery disease; Coarct = aortic coarctation; D = diazepam; DG = digoxin; DI = diphenylhydantoin; IS = isosorbide dinitrate; K 
= ketamine; M = meperidine; MO = morphine; MR = mitral regurgitation; MYOC = myocarditis; P = promethazine; PA = pulmonary atresia; PAPVR 
= partial anomalous pulmonary venous return; PDA = patent ductus arteriosus; PFO = patent foramen ovale; PR = propranolol; PS = pulmonary 
stenosis; S = secobarbital; SACT = sinoatrial conduction time; Sinus CL = sinus cycle length; S/P = postsurgical correction; SV = single ventricle; 
TGA = transposition of the great arteries; ToF = tetralogy of Fallot; VSD = ventricular septal defect; W = warfarin. 
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not produce distortion of rectangular signals at frequencies 
ranging from 0.15 to 5,000 hertz. Filter settings were between 
0.1 and 200 hertz for the electrocardiogram and between 0.1 
and 20 hertz for the bipolar S-A nodal electrograms.* The 
polarity of the recording of bipolar S-A nodal electrograms was 
reversed from that used for conventional electrocardiographic 
recording; that is, the more distal terminal on the superior 
vena caval-right atrial junction was connected to the negative 
input of the amplifier and the more proximal terminal to the 
positive input of the amplifier, in order to obtain upward de- 
flections of the negatively directed S-A nodal potentials.'^? 
High amplification in the range of 100 uV/cm was used to 
record S-A nodal electrograms. Sinus cycle length and sino- 
atrial conduction time were measured and presented as av- 
erage values for two to five consecutive beats. All measure- 
ments were made using a vernier measuring device having an 
accuracy of about 1 ms. 

Coronary sinus electrographic recording: In one pa- 
. tient, a 10 year old boy who had a suspected ectopic atrial 
rhythm after a Mustard operation at age 4 years, a tripolar 
electrode catheter (Fig. 1B) was positioned in the coronary 
sinus. Continuous recordings through the most proximal and 
distal terminals of the catheter were performed on withdrawal 
of the catheter from the coronary sinus into the right atrium; 
this maneuver was repeated three times to make sure of the 
reproducibility of the record obtained just before the entire 
catheter entered the right atrial lumen. Polarity and ampli- 
fication for the recording of the coronary sinus electrograms 
were the same as for the recording of the S-A nodal electro- 
grams. 


Results 


We recorded S-A nodal electrograms of adequate 
quality for the measurement of sinoatrial (S-A) con- 
duction time from 15 of the 30 patients studied (4 pa- 
tients with a bipolar catheter, 7 with a tripolar catheter 
and 4 with a hexapolar catheter [Table I]). None of the 
three types of catheters used provided significant ad- 
vantages or resulted in consistent differences in the S-A 
nodal electrograms or in the measured values of S-A 
conduction time. Figure 2 shows an example of the S-A 
nodal electrograms recorded with a bipolar catheter 
from a 20 year old patient (Case 19) who had had a 


Mustard operation. The catheter position at the time 


of recording is shown in Figure 3. 

Normal S-A nodal electrogram: Like the S-A nodal 
electrograms previously recorded in the rabbit and 
dogL? and that recorded in patients during cardiac 
surgery,? the S-A nodal electrograms recorded in pa- 
tients through an electrode catheter show two negatively 
directed deflections of low frequency and low amplitude 
occurring after the deflections that result from ven- 
tricular repolarization (the T and U waves) but before 


* The low pass filters were used because the sinus electrogram 
consists of low frequency deflections, that is, the diastolic slope and 
the upstroke slope. Using these filters, we eliminated the noise fre- 
quently associated with the high amplification and also decreased the 
large and rapid deflections resulting from atrial activity. This type of 
condensor-coupled amplifier was compared with a direct coupled 
amplifier without filters. The records obtained showed no significant 
difference. The T waves in the condensor-coupled trace were slightly 
broader and the upstroke slope was slightly less steep. 
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FIGURE 1. The three electrode catheters used to record sinoatrial nodal 
electrograms in patients. Seé text for details. 





FIGURE 2. Case 19. Sinoatrial (S-A) nodal electrogram (SANE) obtained 
from a 20 year old man. Like S-A nodal electrograms recorded from 
the canine and the rabbit heart, the human S-A nodal electrogram shows 
two low frequency low amplitude negatively directed potentials (A and 
B) after the repolarization waves of the ventricles, but before the P 
waves and primary negativity (C). Voltage calibration is for S-A nodal 
electrograms. The electrocardiogram (ECG) was recorded with lead 
I. 





FIGURE 3. Case 19. Catheter position at the time of recording Of the 
S-A nodal electrogram in Figure 2. A bipolar catheter was used (nott 
that it is preformed and has a U curve). 
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FIGURE 4. Case 19. Enlargement of one cycle of the S-A nodal elec- 
trogram in Figure 2. Shown are the diastolic slope (A), the upstroke 
slope (B) and the primary negativity (C). S-A conduction time is mea- 
sured from the point of departure of the upstroke slope from the tra- 
jectory of the diastolic slope to the beginning of the P wave. 
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FIGURE 5. Case 19. Record obtained when the catheter position was 
changed slightly from the position used to record the S-A nodal elec- 
trogram in Figure 2. A diastolic slope, but no upstroke slope, precedes 
the primary negativity (lower tracing). Voltage calibration is for the lower 
tracing. ECG — electrocardiogram. 
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FIGURE 6. Record of the S-A nodal electrogram (SANE) obtained from 
a 63 year old patient with sick sinus syndrome (not included in Table 
I). Voltage calibration is for the S-A nodal electrogram. The electro- 
cardiogram (ECG) was recorded through lead li. S-A conduction time 
(SACT) varies for each cycle of the S-A nodal electrogram. HRAE — 
high right atrial electrogram; T — time lines. 


the rapid negatively directed deflection that results 
from initial atrial activity (primary negativity).° Figure 
4 shows an enlargement of those two negatively directed 
deflections (termed the diastolic slope [A] and the up- 
stroke slope [B])!? that precede the primary negativity 
(C). At the cycle lengths studied the diastolic slope 
ranged from 0.3 to 5 mV/s and the upstroke slope from 
5 to 25 mV/s. 

The two negatively directed deflections and primary 
negativity were recorded only from a discrete area,* and 
a small change in catheter position resulted in disap- 
pearance of the previously recorded S-A nodal elec- 
trograms. Figure 5 (from the same patient as in Fig. 2) 
shows electrograms obtained when the catheter position 
was changed. As the distal terminal was moved slightly 
from the area where S-A nodal electrograms were re- 
corded, a negatively directed diastolic slope and primary . 
negativity were still recorded; however, an upstroke 
slope was not seen. Further change in catheter position 
resulted in the appearance of a rapid positively directed 
deflection in place of primary negativity. The rapid 
positively directed deflection clearly resulted from 
propagation of the atrial impulse toward the recording 
site. 

S-A conduction time: This conduction time was 
measured as the interval between the point of departure 
of the upstroke slope from the trajectory of the diastolic 
slope (Fig. 4) and the beginning of the P wave of the 
electrocardiogram. Sinus cycle length represented the 
interval between two consecutive points of departure 
of the upstroke slope from the trajectory of the diastolic 
slope. S-A conduction time (mean + standard error of 
the mean) measured from these S-A nodal electrograms 
was 34.9 + 2.1 ms for a sinus cycle length of 736.4 + 38.6 
ms. Individual values are given in Table I. 

Figure 6 shows an example of an S-A nodal electro- 
gram obtained from a 63 year old man with symptom- 
atic “sick sinus syndrome.” S-A conduction times in this 
patient varied from beat to beat from 210 to 290 ms for 
sinus cycle lengths of 920 to 980 ms. These times were 
longer than the S-A conduction times of our patients 
without S-A nodal dysfunction (Table I). 

Coronary sinus electrogram: The patient in whom 
electrical activity of the automatic atrial focus was re- 
corded had upright P waves in leads I, II and III of the 
electrocardiogram and a short P-R interval of 0.12 
second (Fig. 7). He was studied to evaluate his hemo- 
dynamic function and intermittent symptomatic 
bradycardia (Fig. 8). Bipolar electrograms obtained 
from low, mid and high right atrial regions showed low 
to mid to high right atrial activation (Fig. 9). A bipolar 
recording from the coronary sinus with the distal elec- 
trode placed at the coronary sinus ostium, just before 
the entire catheter was in the right atrial lumen, con- 
sistently showed a negatively directed diastolic slope 
preceding the P waves (Fig. 10). 


* Our data on patients studied in the operating room and on dogs 
indicate that the S-A nodal electrograms were recorded from an area 
about 4 mm2. 
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FIGURE 7. Electrocardiogram of the patient in whom electrical activity 
of the ectopic automatic atrial focus was recorded. Note the upright 
P waves in leads |, !| and Ill and the short P-R interval of 0.12 
second. 


Discussion 


Validity of S-A nodal recording: Previous studies 
in both dogs and human subjects have shown various 
deflections preceding the P wave of the electrocardio- 
gram; these deflections were believed to represent the 
electrical activity of the S-A node,9-!! but no adequate 
proof of this origin was provided. 

In this study, we were able to record electrograms 
from the region of the S-A node that were similar to the 
previously reported S-A nodal electrograms in the 
rabbit and dog? and the S-A nodal electrograms re- 
corded in patients during cardiac surgery.’ These 
electrograms showed low amplitude and low frequency 
negatively directed deflections followed by a rapid 
negatively directed atrial deflection or primary nega- 
tivity. These low amplitude and low frequency nega- 
tively directed deflections preceding the primary neg- 
ativity were shown, in our previous studies in rabbit and 
canine S-A nodal preparations, to correspond with 
phase 4 and phase 0 of the transmembrane action po- 
tential of the pacemaking cell group.!? 


ECG - 1 


LRA 


| Is 


FIGURE 9. Record obtained from the same patient as in Figures 7 and 
8 showing the lead | electrocardiogram (ECG), and high (HRA), mid 
(MRA) and low right atrial (LRA) electrograms. Note the low to mid to 
high right atrial activation. 





HUMAN SINOATRIAL NODAL ELECTROGRAMS—HARIMAN ET AL. 





FIGURE 8. Rhythm strips obtained from the same patient as in Figure 
7. Note the changes in rates from about 50 beats/min with premature 
beats (A) to about 20 beats/min (B and C). The slow rhythm in B and 
C probably is junctional. 


In this study we have shown that S-A nodal electro- 
grams can be recorded only from a very restricted area 
close to the superior vena caval-right atrial junction, 


_ which is precisely the location of the S-A node. A slight 


shift of the catheter location resulted in failure to record 
the upstroke slope, and a greater shift resulted in failure 
to record the diastolic slope and the primary negativity. 
Consistent with our previous findings,!^? a diastolic 
slope that was not followed by an upstroke slope was 
interpreted as electrical activity of latent pacemaker 
cells (Fig. 5), and the absence of either the diastolic or 
the upstroke slope was interpreted as electrical activity 
of nonpacemaking atrial cells. 

Potential uses of S-A nodal recording: S-A nodal 
dysfunction is an important clinical and electrophysi- 
ologic entity in adults with the sick sinus syndrome!? 
and in children, particularly after a Mustard opera- 
tion.!3:!4 Evaluation of S-A nodal impulse generation 
and impulse conduction is attempted during cardiac 
catheterization using single or multiple atrial stimu- 
1i,15.16 Interpretation of the results obtained relies on 
several assumptions concerning impulse propagation 
into and out of the S-A node and the absence or pres- 
ence of the effect of the invading atrial stimuli on the 


ECG 


CSE 





FIGURE 10. Record of coronary sinus electrogram (CSE) from the same 
patient as in Figures 7, 8 and 9 showing a negatively directed diastolic 
slope (arrow) preceding each P wave. Voltage calibration is for the 
lower tracing. The electrocardiogram (ECG) was recorded through lead 
l. 
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automatic cells in the S-A node. Thus, in the measure. 
ment of S-A conduction time using a single atrial 
stimulus, it is assumed that anterograde and retrograde 
S-A conduction times are the same and that the pre- 
mature atrial stimulus does not alter the basic S-A nodal 
cycle.!^ In contrast, in obtaining sinus recovery time, the 
atrial stimuli are expected to cause prolongation of the 
returning S-A nodal cycle!^ without altering the re- 
turning S-A conduction time or causing a shift in the 
location of the S-A nodal pacemaker. These assump- 
tions are frequently incorrect!7-1? and partly explain the 
unsatisfactory results of these diagnostic tests. 20.21 

S-A nodal electrograms permit direct measurement 
of S-A conduction time and provide a more accurate 
assessment of S-A nodal responses to single and mul- 
tiple atrial stimuli; this method thus may be a better 
way of differentiating normal from abnormal S-A nodal 
function. Figure 6 provides an example of the use of this 
technique in the diagnosis of the sick sinus syndrome. 

Our data on S-A conduction times in patients without 
S-A nodal dysfunction clearly differ from the previously 
reported values obtained indirectly using a single pre- 
mature atrial stimulus.162.2? In adults, Strauss et al.16 
reported S-A conduction times ranging from 68 to 156 
ms and Narula et al.,?! reported maximal corrected 
sinus recovery times of 100 te 370 ms or calculated S-A 
conduction times of 50 to 185 ms. In children, Kugler 
et al.?? reported normal S-A conduction times ranging 
from 85 to 193 ms. The discrepancy between our data 
and those obtained using a single atrial stimulus may 
be partly explained by the possible effect of the atrial 
stimulus on the intrinsic S-A nodal cycle or by unequal 
anterograde and retrograde S-A conduction times, or 
both.17.18,23 

Limitations: This technique of catheter recording 
of S-A nodal electrograms has limitations. First, the 
possibility of recording S-A nodal electrograms is af- 
fected by rapid heart rates. With a rapid sinus rato (over 
140 beats/min), both the diastolic and upstroke slopes 


may not be recognized because the T-P or U-P segment 
is obliterated. In this study, we selected patients whose 
T or U and P waves were clearly separated in time. 
Second, the measurement of S-A conduction time de- 
pends on the determination of the point of departure 
of the upstroke slope from the trajectory of the diastolic 
slope. Because both slopes are of low frequency and low 
amplitude, we estimated that errors in measurement in 
the range of about 5 ms are likely to occur.? Third, the 
determination of the beginning of the P wave of the 
electrocardiogram may introduce another source of 
error in measurement in the range of about 5 ms. The 
use of high right atrial electrograms may improve the 
accuracy of measurement of S-A conduction time.? 
Fourth, accurate catheter positioning on the relatively 
small and restricted S-A nodal pacemaking site may be 


difficult. This is reflected by our 50 percent success rate 


in recording good quality S-A nodal electrograms from 
our subjects. 

Electrical activity of automatic atrial foci: Our 
study also demonstrated that it is possible to record a 
diastolic slope from an automatic atrial focus located 
outside of the S-A node during cardiac catheterization. 
In our patient this automatic atrial focus was located in 
the region of the coronary sinus ostium. Consistent with 
studies on coronary sinus rhythm that showed phase 4 
depolarization followed by a rapid phase 0 in the 
transmembrane action potential recorded from the 
coronary sinus ostium,* we recorded a slow diastolic 
slope, but no slow upstroke slope, preceding primary 
negativity. 

Our patient had upright P waves with a short P-R 
interval in leads I, II and III of the electrocardiogram, 
despite the retrograde right atrial activation. This 
finding is in agreement with the results of coronary sinus 
pacing described by Waldo et al.24 This technique for 
recording electrical activity of ectopic automatic atrial 
foci may become useful in the localization and charac- 
terization of ectopic atrial rhythms. 
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Noninvasive indexes of circumferential wall stress were developed from 
systolic arterial pressure and echocardiographic left ventricular diameter 
and thickness (average of septum and posterior wall), applying the basic 
formula: Stress — (Pressure X Radius)/Wall thickness, where Radius — 
1/2 diameter. The radius/wall thickness ratio at end-diastole, end-systole 
and an average of both (mean systole) were used to calculate three stress 
indexes: I, Il and IIl (mean stress), respectively. A very good correlation 
was observed between each index and peak stress in 25 patients with 
a variety of valve and myocardial diseases studied during cardiac cath- 
eterization (correlation coefficient [r| — 0.82, 0.82 and 0.89 for stress 
indexes I, Il and III, respectively). With use of average normal values for 
each index as constants, left ventricular systolic pressure was then es- 
timated prospectively in 62 patients with normal left ventricular size and 
function, 21 (Group A) without and 41 (Group B) with aortic stenosis. In 
Group A, systolic pressures ranged from 90 to 230 mm Hg and the cor- 
relation between estimated and measured pressures was r — 0.92, 0.87, 
and 0.95 for stress constants I, Il and III, respectively. In Group B significant 
discrepancy (greater than 10 mm Hg, mean 39 mm Hg) between basal 
arterial pressures at the time of echocardiography and arterial pressures 
during catheterization was observed in 14 of 41 patients and resulted in 
a lower, although highly significant (p <0.001), correlation between es- 
timated and measured left ventricular pressures (r — 0.53, 0.54 and 0.60 
for stress constants |, II and III, respectively) without affecting the cor- 
relation between estimated and measured peak aortic valve gradient (r 
— 0.78, 0.69 and 0.82 for the respective stress constants). Stress constant 
lil (mean stress), in particular, allowed an accurate separation between 
patients with gradients above and below 50 mm Hg. 

Results indicate that peak circumferential wall stress may be accurately 
estimated noninvasively in a variety of cardiac conditions. The assumption 
of a stress constant allows assessment of severity of aortic stenosis but 
only when the pressure stimulus has been chronically sustained and left 
ventricular cavity size and function remain normal. 


In isolated cardiac muscle preparations and in the intact heart, the extent 
and velocity of myocardial fiber shortening are inversely related to the 
tension or force developed by the myofibers.1-? Thus, in the intact heart 
this force, or afterload, is a primary determinant of cardiac performance. 
The force per unit area, or stress, acting along the circumference of the 
left ventricle at its minor axis is directly dependent on intracavitary 


782 April 1980 The American Journal of CARDIOLOGY Volume 45 


pressure and radius of curvature, and inversely depen- 
dent on wall thickness.+ Therefore, conditions leading 
to either chronic pressure or volume overload result in 
an increase in stress and, thus, a decrease in left ven- 
tricular performance, unless compensatory hypertrophy 
develops.»9 Measurements of wall stress in patients with 
chronic volume or pressure overload should therefore 
provide an excellent index of cardiac compensation that 
could be followed serially to permit recognition of early 
myocardial decompensation (abnormal increase in 
stress due to inadequate hypertrophy).7-? 

Circumferential wall stress has previously been de- 
termined by combining simultaneous measurements of 
left ventricular pressures with angiographic or echo- 
cardiographic measurements of left ventricular radius 
and wall thickness.34:10.1! These methods, in addition 
. to being cumbersome and time consuming, require in- 
vasive procedures. A simple noninvasive and accurate 
index of wall stress would be desirable. This study was 
therefore designed to develop noninvasive indexes of 
peak circumferential wall stress from echocardiographic 
left ventricular dimensions and systolic blood pressure. 
The accuracy of these indexes was evaluated by com- 
parison with peak stress determined during cardiac 
catheterization. In addition, these noninvasive indexes 
were used as stress constants in order to estimate peak 
left ventricular pressure in patients with chronic pres- 
sure overload. 
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NONINVASIVE QUANTIFICATION OF WALL STRESS—QUINONES ET AL. 


Methods 


Noninvasive Estimates of Peak Stress 


Noninvasive indexes of circumferential wall stress were 
developed in 25 patients undergoing diagnostic cardiac 
catheterization with simultaneous high fidelity left ventricular 
pressure measurements and echocardiography. These studies 
were initially performed to determine the time course of cir- 
cumferential left ventricular wall stress and fiber shortening 
velocity; the results have previously been reported.” The pa- 
tients consisted of 10 normal subjects (normal left ventricular 
function and coronary arteries), 8 patients with valvular heart 
disease (3 with mitral regurgitation, 5 with aortic insuffi- 
ciency) and 7 patients with primary congestive cardiomyop- 
athy; no patients had aortic stenosis. | 

Measurements: The method used to determine the time 
course of circumferential wall stress has previously been de- 
scribed.? In brief, measurements of left ventricular pressure, 
echocardiographic dimension and posterior wall thickness 
were made at intervals of 20 ms with the use of an X-Y digi- 
tizer interfaced to a programmable calculator (Fig. 1). Hoop 
stress was calculated every 20 ms as (P X r/WT) [1 — (2r?/L?)], 
where P = left ventricular pressure in g/cm?; r = intracavitary 
radius in cm, taken as 1/2 the echographic left ventricular 
diameter; WT = posterior left ventricular wall thickness in 
cm; and L = left ventricular long axis, assumed to be twice the 
echographic diameter in all cases. Peak stress was measured 
as the highest point on the stress curve (Fig. 1). 

Indexes of peak stress: Because it is not possible to de- 
termine noninvasively the pressure or time of peak stress, 
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FIGURE 1. Left panel, example of an echocardiogram recorded simultaneously with left ventricular (LV) and ascending aortic (AO) pressures. Middle 
panel, time course of circumferential wall stress derived every 20 ms by measuring left ventricular dimensions and posterior wall thickness with 
the aid of an X-Y digitizer interfaced to a programmable calculator. Peak stress occurs toward the end of the first third of systole and peak pressure 
at about mid systole. Right panel, correlation between mean stress and peak stress. At top are shown data from all patients at rest, and at bottom 


data from eight patients during an acute increase in afterload. dp/dt — 


rate of rise of left ventricular pressure; ECG = electrocardiogram; INS = 


interventricular septum; PW = posterior wall; r = correlation coefficient; SEE = standard error of the estimate. 
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noninvasive indexesof peak stress were derived as the product 
of peak systolic arterial pressure and echocardiographic ra- 
dius/thickness ratio (radius = 1/2 left ventricular diameter). 
Three indexes were calculated and compared with peak stress; 
each one differed only by the time of measurement of the ra- 
dius/thickness ratio. Thus: 


Wall stress index I (WSed) 
— systolic arterial pressure 
X radius/wall thickness at end-diastole. (1) 


Wall stress index II (WSes) 
— systolic arterial pressure 
X radius/wall thickness at end-systole. (2) 


Wall stress index III (mean stress) 
— systolic arterial pressure 
X mean radius/mean wall thickness, (3) 


where mean radius and mean wall thickness represent the 
average of end-diastolic and end-systolic measurements. 


In the 25 patients undergoing these studies, peak arterial 
pressure, used as an index of systolic left ventricular pressure, 
was measured directly from a central aortic pressure curve 
(Fig. 1); the dimensions and wall thickness values were taken 
from the simultaneous echocardiogram. 


Noninvasive Estimates of Systolic Left Ventricular 
Pressure 


Despite chronic increases in systolic pressure, circumfer- 
ential wall stress remains unaltered in a normally functioning 
left ventricle through changes in wall thickness/radius ratio 
brought about by concentric hypertrophy.56.12 Therefore, it 
may be possible to estimate left ventricular peak systolic 
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FIGURE 2. Example of a left ventricular (LV) echocardiogram illustrating 
where measurements were taken. Dd and Ds — end-diastolic and 
end-systolic left ventricular dimension, respectively; PWd and PWs = 
end-diastolic and end-systolic posterior wall thickness; Sd and Ss = 
end-diastolic and end-systolic septal thickness. 


pressure with equations (1) through (3) by measuring wall 
thickness and radius with echocardiography and assuming a 
constant normal value for stress index I, II or III, respectively. 
In the presence of left ventricular dilatation or failure, or both, 
wall stress is frequently increased and, therefore, assumption 
of a stress constant cannot be used to estimate systolic left 
ventricular pressure. !? 

Echocardiographic measurements: In 20 normal subjects 
without evidence of organic heart disease or hypertension, the 
three stress indexes were calculated by combining systolic 
arterial pressure obtained from cuff measurements with 
echocardiographic measurements of left ventricular dimen- 
sions, septal thickness and posterior wall thickness. All 
echocardiograms were performed utilizing previously de- 
scribed standard techniques with the subject in the supine or 
partial left lateral recumbent position.!4 Measurements were 
made at a level just below the mitral valve (Fig. 2). Left ven- 
tricular end-diastolic dimension was measured at the peak of 
the R wave in the electrocardiogram; end-systolic dimension ` 
was measured as the smallest vertical distance between the 
septum and posterior wall. Septal and posterior wall thick- 
nesses were measured using the leading edge to leading edge 
method. End-diastolic measurements of wall thickness were 
made at the onset of the QRS complex in the electrocardio- 
gram. End-systolic septal thickness was measured at the point 
of maximal posterior septal motion and end-systolic posterior 
wall thickness at the point of maximal posterior wall anterior 
motion. An average of septal and posterior wall thicknesses 
were used to calculate the stress indexes with equations (1) 
to (3). The same echocardiographic technique was used in the 
62 patients described later. 

Normal stress indexes and estimation of left ventric- 
ular pressure: In the normal subjects, stress index I(WSed), 
II(WSes) and III (mean stress) averaged 284.5 + 40 (standard 
deviation), 116 + 20 and 183 + 28 mm Hg, respectively. Thus, 
left ventricular peak systolic pressure may be estimated as: 


Pressure = 284.5 X wall thickness/radius at end-diastole 
= 569 x WTd/Dd, (4) 


where W'Td = end-diastolic wall thickness (average of septum 
and posterior wall) and Dd = end-diastolic left ventricular 
diameter. 


Pressure = 116 X wall thickness/radius at end-systole 
= 232 X WTs/Ds, (5) 


where W'Ts = end-systolic wall thickness (average of septum 
and posterior wall) and Ds = end-systolic left ventricular di- 
ameter. 


Pressure = 183 X mean wall thickness/mean radius 
= 366 X (W'Td + WTs)/(Dd + Ds). (6) 


Group A. Patients without valvular heart disease: The 
accuracy of equations (4) through (6) in estimating systolic 
left ventricular pressure was assessed prospectively in two 
groups of patients. Group A consisted of 21 patients without 
valvular heart disease, with normal end-diastolic left ven- 
tricular echographic dimensions (3.4 to 5.5 cm), shortening 
fraction (greater than 0.30), and with a wide range of systolic 
blood pressures. All measurements and calculations were 
performed without knowledge of the patients' blood pressures. 
Systolic arterial pressure (by cuff) was measured by an inde- 
pendent observer for three consecutive mornings (7:00 to 8:00 
am) with the patient at rest in the supine position, and the 
results were averaged to obtain a more accurate measurement 
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of basal systolic blood pressure to compare with the systolic 
pressure estimated by equations (4) to (6). 

Group B. Patients with aortic stenosis: Group B con- 
sisted of 41 patients with valvular (38 patients) or fixed sub- 
valvular (3 patients) aortic stenosis studied prospectively; all 
had normal values for left ventricular echocardiographic 
end-diastolic dimensions (less than 5.6 cm) and shortening 
fraction (greater than 0.30). Their ages ranged from 14 to 87 
years (mean 53). Six patients had aortic insufficiency of mild 
to moderate degree. These 41 patients were selected from a 
larger group of 60 patients with aortic stenosis. Nineteen pa- 
tients were eliminated from the study, 7 because of suboptimal 
quality of the echocardiograms and 12 because left ventricular 
dilatation (end-diastolic diameter greater than 5.8 cm) or 
failure (shortening fraction less than 0.30) precluded the as- 
sumption of normal wall stress.^9.? The left ventricular 
outflow tract gradient was estimated in each of the 41 patients 
by subtracting the basal systolic blood pressure as measured 


. with the cuff method (average of values on three consecutive 


mornings as in Group A) from the estimated peak systolic left 
ventricular pressure. 

Retrograde left heart catheterization was performed with 
standard techniques in all 41 patients within 48 hours of the 
noninvasive study. Coronary angiography revealed the pres- 
ence of significant coronary artery disease (70 percent or 
greater luminal narrowing) in six patients, none of whom had 
left ventricular asynergy on angiography. All statistical 
comparisons were made using linear regression analysis. 
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Results 


Noninvasive estimates of peak stress (Fig. 1 and 
3): Peak stress correlated very well with stress index I 
(WSed; correlation coefficient [r] = 0.817), II (WSes; r 
= 0.822) and III (mean stress; r = 0.885). The correlation 
with mean stress (both the r value and standard error 
of the estimate) appeared slightly superior to that with 
the other two indexes. In addition, the absolute values 
of mean stress were closer to those of peak stress than 
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were the absolute values of stress index I or II. In eight 
patients, the correlation between peak stress and mean 
stress remained equally good (r = 0.882) when afterload 
was acutely increased by angiotensin infusion. 

Noninvasive estimates of systolic left ventricular 
pressure: An excellent correlation was observed in 
Group A between estimated and measured peak arterial 
pressure with use of equation (4), (5) or (6) (Fig. 4). 
However, equation (6) (mean stress constant) appeared 
to provide the closest approximation (r = 0.95; standard 
error of estimate = 11 mg Hg). Because a stress constant 
was used in all three methods, the findings are indicative 
of a direct relation between systolic arterial (or left 
ventricular) pressure and left ventricular wall thick- 
ness/radius ratio at end-diastole, end-systole or *mean" 
systole. 

The correlation between estimated and measured 
peak left ventricular pressure in Group B (aortic ste- 
nosis) was highly significant (p «0.001) but not as good 
as the correlation observed in Group A (Fig. 5). In con- 
trast, a high correlation was observed (Fig. 6) between 
estimated and measured peak aortic valve gradient with 
equation (6) (r = 0.82) and to a lesser extent with 
equations (4) (r = 0.776) and (5) (r = 0.688). In addition, 
equation (6) (mean stress constant) allowed an excellent 
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separation between patients with a peak aortic valve 
gradient above or below 50 mm Hg (Fig. 6). 

Figure 7 illustrates the principal reason for the ap- 
parent lower correlation between estimated and 
measured peak left ventricular pressures in aortic 
stenosis. Comparison between basal systolic arterial 
pressure measured by cuff at the time of echocardiog- 
raphy and peak aortic pressure at the time of cathe- 
terization demonstrated a correlation coefficient of only 
0.60, with 14 of 41 patients having a discrepancy be- 
tween blood pressure obtained at the time of catheter- 
ization and that obtained at the time of echocardiog- 
raphy of more than 10 mm Hg (average 39.3 mm Hg). 
Excluding these patients (open circles in Fig. 7, top 
panel) resulted in an improved correlation between 
estimated and measured peak left ventricular pressure 
(r = 0.80) without changing the comparison of estimated 
versus measured peak aortic valve gradient (r =` 
0.81). 


Discussion 


The present investigation affords two principal 
conclusions. First, accurate estimates of peak circum- 
ferential left ventricular wall stress may be derived 
noninvasively by combining systolic arterial pressure 
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with echocardiographic measurements of left ventric- 
ular cavity radius (taken as half of the echographic left 
ventricular diameter) and wall thickness. Second, these 
stress indexes may be used as stress constants to esti- 
mate left ventricular peak pressure in patients with 
chronic pressure overload, thereby allowing noninvasive 
approximation of aortic valve gradients in aortic ste- 
nosis. 


Noninvasive Estimates of Peak Stress 


Accuracy and possible limitations of stress in- 
dexes: The three stress indexes evaluated in this study 
were derived from the product of systolic arterial 
pressure, as a measurement of left ventricular systolic 
pressure in the absence of aortic stenosis, and a ra- 
dius/thickness ratio (end-diastole for stress index I 
[WSed], end-systole for stress index II [WSes] and an 
‘average of the two for stress index III [mean stress]). All 
three indexes correlated well with peak circumferential 
wall stress, even though peak stress usually occurs 
toward the end of the first third of systole (Fig. 1), ata 
time when radius shortening has been greater than wall 
thickening.?4^1516 Thus, neither the end-diastolic, 
end-systolic nor the mean systolic radius/thickness ratio 
is likely to represent the actual radius/thickness ratio 
at the time of peak stress. Likewise, peak left ventricular 
pressure usually occurs near mid systole (Fig. 1) so that 
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it may not be the pressure at the time of peak stress.3:10 
In addition, circumferential wall stress is dependent not 
only on the radius of curvature and wall thickness, but 
also on the geometry of the left ventricle,*? a factor not 
quantified by the noninvasive indexes. 

Despite these limitations, the excellent correlation 
observed between the stress indexes and peak stress in 
the spectrum of myocardial and valve diseases studied 
implies that long-term changes in cavity radius and wall 
thickness at the minor axis of the left ventricle (the area 
visualized on M mode echocardiography) apply equally 
throughout the cardiac cycle. This conclusion is further 
substantiated by the direct relation observed between 
thickness/radius ratio and systolic left ventricular 
pressure with the three different formulas (see later). 
Gunther and Grossman? recently applied this same 
concept by measuring the time course of circumferential 
mid wall stress in patients with aortic stenosis and de- 
riving a mean systolic stress by planimetry. 

Role of geometry of left ventricle: In our present 
study the time course of wall stress, from which peak 
stress was measured, was also derived from echocar- 
diographic left ventricular dimensions. A geometric 
factor was used in the stress equation assuming a 2:1 
long axis to minor axis ratio. The magnitude of the error 
in determining peak stress with this assumption was 
calculated in our previous report and found to range 
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FIGURE 6. Group B (aortic stenosis). Comparison between estimated and measured peak aortic valve gradients using the three different methods. 
Top panel, stress index IIl (mean wall stress [WS]); lower left panel, stress index II (WSes); lower right panel, stress index | (WSed). The crossed 
bars indicate separation between gradients above and below 50 mm Hg. r = correlation coefficient; SEE = standard error of the estimate. 
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from —8 to +11 percent as follows: If at the time of peak 
stress the long axis to minor axis ratio was 1.5:1 (as may 
occur in a large dilated ventricle), peak stress was 
overestimated by 11 percent; if the ratio was 3:1 (as in 
a small elongated ventricle), peak stress was underes- 
timated by 8 percent.? Such small errors associated with 
rather large geometric changes suggest that wall stress 
is more dependent on radius, wall thickness and pres- 
sure than on the geometry of the ventricle. 
Superiority of mean stress index: Even though all 
three stress indexes correlated well with peak stress, 
mean stress had a higher correlation coefficient (0.89 
-versus 0.82) and a lower standard error (31 versus 38 or 
39 g/cm) than the other two stress indexes. In addition, 
the absolute values of mean stress were the closest of all 
three to peak stress, as suggested by visual inspection 
of the regression line in Figure 1 versus the regression 
lines in Figure 3. Mean stress is probably a close esti- 
mate of wall stress at the time of peak systolic left ven- 
tricular pressure, which usually occurs around mid 
ejection (a mean radius/thickness ratio is also likely to 
approximate a radius/thickness ratio at mid ejec- 
tion!?!6), Although most stress curves are in a de- 
scending limb by mid ejection,*:4:!9 with the exception 
of dilated poorly contracting ventricles where the curves 


tend to remain flat, the stress at mid ejection is still 
approximately 80 percent of peak stress.?^19 Therefore, 
an index which reflects wall stress at mid ejection should 
be expected to compare very well with peak stress. 


Noninvasive Estimates of Peak Left 
Ventricular Pressure 


The present results support previous observations 
that in chronic pressure overload peak stress remains 
normal through concentric hypertrophy (increased 
thickness/radius ratio),? so that a stress constant may 
be substituted in the equation: Pressure — stress X 
thickness/radius (or diameter) ratio to estimate basal 
systolic left ventricular pressure.!?.7-?! Indeed, our 
stress index II (WSes) constant (232 mm Hg) is in close 
agreement with previously reported constants at end- 
systole.!7-19?! The increase in thickness/radius ratio 
brought about by hypertrophy occurs at end-diastole’ 
and throughout systole as shown by the ability of all 
three stress constants to estimate basal left ventricular 
systolic pressure in both groups A (no valve disease) and 
B (with aortic stenosis). 

Application to aortic stenosis: When applying this 
method to the estimation of pressures and gradients in 
aortic stenosis, it is important to keep several concepts 
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in mind. First, the stimulus for hypertrophy in these 
ventricles is a chronic sustained pressure overload; 
therefore, the thickness/radius ratio relates only to basal 
systolic left ventricular pressure and not to acutely 
changing pressures.5:!? This observation explains the 
lower correlation observed in this study between esti- 
mated and measured left ventricular systolic pressures 
in the group with aortic stenosis. A major discrepancy 
between basal systolic arterial pressure at the time of 
echocardiography and systolic arterial pressure during 
catheterization (average 39 mm Hg) occurred in one 
third of these patients. This discrepancy was secondary 
to acute peripheral circulatory changes (relative hypo- 
tension or hypertension) resulting from the stress of the 
catheterization. Because of the fixed nature of aortic 
valve stenosis, a fairly good correlation was still ob- 
served between estimated and measured peak aortic 
valve gradients, particularly with equation (6) (mean 
stress constant). Moreover, the exclusion of patients 
with major discrepancies in arterial pressures improved 
the correlation between estimated and measured left 
ventricular pressures (from 0.60 to 0.80) without altering 
the correlation between estimated and measured peak 
gradients (0.82 versus 0.81). 

This concept also explains why the product of a stress 
constant and a thickness/radius ratio fails to predict 
accurately systolic left ventricular pressures in patients 
after aortic valve replacement.!? Because the pressure 
load has been removed, these ventricles now have in- 
appropriate hypertrophy and lower than normal wall 
stress. The same concept may be applied after suc- 
cessful normalization of blood pressure in patients with 
chronic hypertension. 

Role of left ventricular dilation or failure: The 
second concept to keep in mind when estimating systolic 
left ventricular pressure with the methods described is 
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that situations resulting in a chronic increase in wall . 
stress will render the method inaccurate. Such is the 
case when left ventricular dilatation secondary to sig- 
nificant aortic insufficiency or left ventricular failure 
accompanies aortic stenosis. In these instances, peak left 
ventricular pressure will be underestimated by the as- 
sumption of a normal stress constant.!? For this reason, 
such patients were exluded from our study. 

Even though all three formulas, when tested pro- 
spectively, correlated significantly with systolic left 
ventricular pressures in normal subjects and patients 
with hypertension or aortic stenosis, mean stress ap- 
peared to provide the best results, particularly in pa- 
tients with aortic stenosis in whom an excellent sepa- 
ration between those with a peak gradient above or 
below 50 mm Hg was observed. The improved results 
with mean stress may have partially been influenced by 
the averaging process in addition to the theoretical 
factors previously discussed. Echocardiographic mea- 
surements of wall thickness are subject to significant 
intra- and interobserver variability.?? The mean stress 
method may have overcome some of these measurement 
errors by averaging values at end-diastole and end- 
systole as well as septal and posterior wall thick- 
nesses. 

Implications: The method of quantitating wall stress 
described herein is both simple and accurate and 
therefore applicable to serial studies. In addition to al- 
lowing accurate assessment of the severity of aortic 
stenosis, noninvasive quantification of left ventricular 
wall stress may have important clinical applications in 
determining the chronicity and severity of systemic 
hypertension as well as evaluating the course of left 
ventricular compensation in patients with chronic vol- 
ume overload such as those with morbid obesity or 
aortic insufficiency.7^? 
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The final prototype of “Harvey,” a cardiology patient simulator, was 
completed in 1976. A review and critique of the simulator's nonauscul- 
tatory and auscultatory physical findings by cardiologists indicated that 
the simulator was capable of faithfully reproducing the blood pressure, 
jugular venous pulsations, carotid and peripheral arterial pulsations, 
precordial impulses and auscultatory events of almost all cardiac dis- 
eases. 

Pilot studies using the simulator in a formal senior medical student 
elective program in cardiology showed an average gain in bedside ex- 
amination skills of 32 percent (p 0.01). This improvement occurred with 
as little as 1 hour of instructor time with students studying eight simulated 
cardiac disease states and associated slide material for 1 hour per disease 
over a 2 week period in a self-teaching format. 

To assess the acceptability of the device, 770 undergraduate and 
graduate physicians, family practitioners, internists and cardiologists were 
exposed to the cardiology patient simulator. Their reaction was positive, 
93 percent rating it excellent and 100 percent wishing to be taught with 
the device again in the future. Prolonged periods of use demonstrated the 
technical reliability of the simulator. Formal multicenter studies are now 
underway that will assess its effectiveness as a teaching and testing 
device. The long range goals of these efforts remain: (1) to produce better 
trained physicians in less time and at less cost; and (2) to provide an 
objective method to measure the clinical competency and skills of stu- 
dents and physicians in patient-oriented examinations, such as those for 
Board certification and recertification. 


The appropriate evaluation of patients with cardiovascular disease re- 
quires a skillfully performed physical examination. This is the nonin- 
vasive technique with the widest application in cardiology, and it often 
results in an accurate diagnosis. Even in situations where the bedside 
examination does not provide the final diagnosis, the information ob- 
tained guides the selection and interpretation of more sophisticated 
laboratory procedures. 

The physician must meet two requirements for optimal application 
of the bedside examination. First, his or her skills must be practiced 
repetitively. This requires an appropriate group of available patients 
with a variety of diseases at various stages in their development and 
treatment. Second, he or she must have an orderly technique of exami- 
nation coupled with knowledge of the hemodynamic correlations of the 
bedside findings. This requires an effective instructional system. The 
first requirement is not easy to fulfill. Even in a large medical center, it 
is difficult to find such patients for teaching bedside skills. When they 
are available, there is a limit to their tolerance to multiple examina- 
tions. 
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In fields other than medicine, most notably in the 
training of pilots,!? simulators and simulation tech- 
niques have proved effective instructional adjuncts, 
obviating many of the inefficiencies and poorly con- 
trolled variables present in teaching in “real life" sit- 
uations. Despite widespread familiarity with the prin- 
ciples that underlie these intriguing devices and their 
proved effectiveness, simulation technology has only 
recently been introduced into medical education.3-13 [n 
the field of cardiology, the use of cardiopulmonary re- 
suscitation manikins and simulated heart sounds is 
becoming quite common. However, such simulation 
devices limit students to learning isolated skills of car- 
diac examination and management. 

Efforts were begun a decade ago by one of us (M.S.G.) 
to apply more sophisticated simulation techniques to 
cardiology by developing a cardiology patient simulator. 
Progress on this development has previously been re- 
ported.? The final prototype (Fig. 1) was completed in 


TABLE | 
Core Curriculum of Disease States 
Normal Idiopathic hypertrophic subaortic 
stenosis 


Atrial septal defect 

Ventricular septal defect 

Patent ductus arteriosus 
Primary pulmonary hypertension 
Mitral regurgitation, acute 
Ventricular aneurysm 

Mitral stenosis and regurgitation 
Pulmonary stenosis 

Coarctation of the aorta 


Innocent murmur 
Hypertension 

Angina pectoris 

Mitral valve prolapse 

Mitral stenosis 

Mitral regurgitation, chronic 
Aortic stenosis 

Aortic regurgitation 
Cardiomyopathy, congestive 


FIGURE 1. Final prototype of "Harvey," 
the cardiology patient simulator. 


1976. It was named “Harvey” after Dr. W. Proctor 
Harvey of Georgetown University, who has always 
nurtured innovation in education and stimulated young 
physicians to teach through his example. 

"Harvey" is able to integrate all of the bedside 
findings and to reproduce realistically the clinical 
presentation of both common and rare cardiac dis- 
eases. Findings simulated include the blood pressure, 
bilateral jugular venous pulsations, carotid and pe- 
ripheral arterial pulsations, precordial pulsations and 
the auscultatory events of each disease state. The 
acoustic events are heard in the four classic auscultatory 
areas, and are appropriately synchronized to the res- 
piratory cycle and to the various pulses. Even the most 
complex pulses and auscultatory events may be simu- 
lated for a given disease, and the findings vary with 
respiration when appropriate. More than one example 
of a particular variety of disease may be represented, 
revealing marked differences in the clinical presentation 
of a particular disease depending on severity of in- 
volvement. 

The second requirement for a student or physician 
to learn bedside diagnosis—effective instruction — 
must also be fulfilled. To that end, we have assembled 
the instructional material that accompanies “Harvey.” 
Our effort has resulted in a core curriculum of 20 cardiac 
diseases (Table I). The technique of examination is 
approached in an orderly fashion and ancillary data are 
provided on slide programs in a self-assessment format 
developed for each disease state. These include all the 
elements that should be available with a live patient, 
including the history, electrocardiograms, X-ray films 
and noninvasive and invasive laboratory data. Finally, 
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appropriate medical and surgical therapy is presented 
along with a summary of the pathologic and epidemio- 
logic data on each disease. The purpose of this paper is 
to report the progress that has been made in the cardi- 
ology patient simulator project along with pilot studies 
related to its teaching effectiveness. 


Methods 


First objective: The objectives of these pilot studies were 
threefold. 'T'he first was to test the effectiveness of the cardi- 
ology patient simulator when used in a formal senior medical 
student elective program in cardiology when the simulator was 
substituted for a substantial portion of the students' exposure 
to actual patients. This study was carried out at the University 
of Miami. Pre- and post-tests were designed to assess both 
practical bedside skills and cognitive information. In addition, 
a log sheet was developed to be completed by students each 
time they worked either with the simulator or with patients. 
This allowed an estimate of the time required for student 
study of each assigned disease or patient, to obtain comments 
with regard to the simulator and slide sequences and to doc- 
ument problems encountered with electromechanical func- 
tioning. Other forms were developed to document how time 
was spent in the program by the faculty, technicians and 
secretaries. 

The formal pilot study involved 23 senior medical students, 
12 in the first standard 4 week rotation and 11 in the second 
standard rotation. The students were assigned 8 of the 20 
programmed cardiology disease states to study (Table I). Pre- 
and post-tests evaluated the students’ practical skills in 
evaluating two different diseases, one of which they had not 
previously been taught. A 1 hour cognitive multiple choice 
examination was also given as a pre- and post-test. The two 
groups were given an average of only 1 hour of formal in- 
struction to ensure that they knew how to use the simulator 
effectively. They were then allowed 4 hours of individual and 
4 hours of partnered self-study with the simulator and slide 
sequences. 

Second objective: The second objective of these pilot 
studies, to evaluate acceptance of the cardiology patient 
simulator in diverse settings and by different learning groups, 
was carried out (1) at the University of Arizona, (2) George- 
town University, (3) at Heart House, the American College 
of Cardiology Learning Center, and (4) at the Scientific Ses- 
sions of the American College of Cardiology and the American 
Heart Association when the device was demonstrated. A de- 
tailed attitude-opinion questionnaire was developed and 
completed by 770 students and physicians during this aspect 
of the study. 

Third objective: The third objective was to determine the 
technical reliability of the cardiology patient simulator with 
prolonged use. This has been an ongoing objective since de- 


TABLE Il 


Results of Formal Senior Medical Student Training Program 


Sample Pre Test Post Test Mean Gain 
(n) Llc LANNENCETP E —— in p 
Mean SD Mean SD Total Score Value 





A. Practical Skills Examination 
23 51 19 83 10 +32 <0.01 
B. Cognitive Examination 


oO. SNS ee 
23 65 7.0 80 7.0 +15 <0.01 
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velopment of the simulator, and use of the device at sites other 
than the University of Miami helped to provide objective 
validation of its technical reliability. 


Results 


Formal student pilot studies: The results of the 
pilot studies with formal senior medical students in 
elective programs in cardiology are shown in Table II. 
These studies showed that the students improved their 
physical examination skills as well as cognitive knowl- 
edge when the cardiology patient simulator was sub- 
stituted for a substantial amount of patient exposure 
during a cardiology elective rotation. 

The results of the analysis of time and convenience 
factors are summarized in Table III. The data revealed 
that students and secretaries spend a good deal of time 
locating patients for presentation at rounds, even in the 
large 1,200 bed teaching hospital at the University of 
Miami, which might be considered a nearly ideal envi- 
ronment for finding patients for presentations. How- 
ever, even after a student had spent a considerable 
amount of time (average 70 minutes) in evaluating a 
case, one of three patients was not available for bedside 
presentation because they were undergoing X-ray exam- 
ination, surgery or cardiac catheterization or were being 
examined by another group of students when the car- 
diology attending physician was on rounds. In addition, 
the X-ray films and charts were often missing and some 


TABLE Ill 


Time and Convenience Factors in Conventional and 
Cardiology Patient Simulator Training Programs 





Conventional Simulator 
Program Program 
(21 days) (17 days) 
Student time finding 27 min/day 0 
suitable patient 
Faculty time 77 min/day 12 min/day 
Secretarial time 14 min/day 3 min/day 
Engineering time 0 9 min/day* 
Average number of 2/day 20 programmed 
patients available diseases 
for workup 
Patient availability 62 96 100% 
after workup 
Average time all 30 min/day 10 hr/day 
students at bedside 
Average time/student 3 min/day 1 hr/day 
at bedside 
Average time on 2 min/day 30 min/day 
auscultation 
Average time on 1 min/day 30 min/day 
other skills 
Diagnoses AS, AR, MS, MR, 20 programmed 
IHSS, CM, CAD, diseases 
PE, closed ASD (Table I) 
Problems at time No X-rays (3396) None 
of rounds No chart (1496) None 
Patient uncooperative None 
(1096) 
Patient ill (1096) None 


* Reduced to «1 min/day at Georgetown University and the Uni- 
versity of Arizona with correction of technical problems. 

AR = aortic regurgitation; AS = aortic stenosis; ASD = atrial septal 
defect: CAD = coronary artery disease; CM = cardiomyopathy; HSS 
= idiopathic hypertrophic subaortic stenosis; MR = mitral regurgitation; 
PE = pulmonary embolism. 
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TABLE IV 


Populations Studied 
CuaQo UNE o IET a NUR A RUNS DC REPRE UE ZEE 


Miami* Arizona Georgetown Total 
Cardiologists 192 4 17 213 
Internists 56 2 38 96 
Family physicians 51 15 10 76 
Emergency physicians 20 0 0 20 
Fellows 0 2 7 9 
House officers 0 11 18 29 
Medical students 201 71 42 314 
Nurses 10 1 2 13 

ps e e Lg 
Total 530 106 134 770 


* These numbers represent users at the University of Miami as well 
as those attending the American College of Cardiology Learning Center 
teaching programs and the American College of Cardiology and the 
American Heart Association Scientific Sessions during the last year. 


patients became too ill or uncooperative. None of these 
difficulties were encountered when the cardiology pa- 
tient simulator was used. Faculty time averaged 77 
minutes a day in the traditional program and 12 minutes 
a day in the simulator program. 

Studies in diverse settings: In the second less formal 
group of studies, the cardiology patient simulator was 
used (1) in large lecture group settings to teach physical 
diagnosis to medical students, (2) in small group ses- 
sions conducted for students taking cardiology elective 
courses, (3) in small group sessions held for primary care 
physicians in a rural setting, and (4) in large postgrad- 


uate educational courses. The populations studied at 
the different institutions are shown in Table IV. 

Attitude-opinion questionnaires asked the users to 
rank various features of the cardiology patient simulator 
and the slide programs as excellent, good, fair or poor. 
There was no statistical difference in the response from 
the different groups studied at the three institutions. 
In addition, there was no difference between the re- 
sponse of those who were exposed to the simulator in the 
lecture hall setting and those examining the simulator 
at the “bedside.” 

Seven hundred seventy students and physicians re- 
sponded to the attitude-opinion questionnaires. 
Ninety-three percent considered the device an excellent 
teaching tool (7 percent good), and 100 percent found 
it easy to use and wished to be taught with the device 
again (Table V). 

Technical problems: Few technical problems oc- 
curred during more than 1,000 hours of use. The average 
engineering time needed to maintain the cardiology 
patient simulator became less as the few initial problems 
were discovered and corrected. For example, during 5 
weeks of use (196 hours) in the senior student teaching 
program at the University of Miami, the average engi- 
neering time was 9 minutes a day. Four months later, 
during 5 days (44 hours) at the University of Arizona 
and 9 days (67 hours) at Georgetown University, the 
average engineering time was less than 1 minute a day. 
With additional modifications to lessen technical 
problems, the cardiology patient simulator has now 
been in operation at the University of Miami for an 


TABLE V 
Questionnaire Response 
ENERO I RSS V A MNA eU RI TTIILuDrTt CIE nl k= a ee 
Miami Arizona Georgetown Average 
(n = 530) (n = 106) (n = 134) (n = 770) 
Time with CPS/ 30 min- 11 hr 30 min-3 hr 30 min-8 hr 30 min- 11 hr 
user (range) 
Diseases 1-9 1-15 1-15 1-15 
examined/user (range) 
Directions 100% 100% 100% 100% 
judged clear 
Realism rating E 75%; E 85%; E 72%; E 76%; 
G 25% G 15% G 18% G 24% 
Overall impression E 9196; E 98%; E 95%; E 9396; 
as teaching tool G 996 G 296 G 596 G 7 96 
Accuracy of bedside findings 
with CPS vs. live patients 
A. Non auscultatory E 6396; E 7696; E 6596; E 6596; 
events G 37 96 G 2496 G 3596 G 3596 
B. Auscultation E 7196; E 8595; E 81%; E 7596; 
G 2996 G 1596 G 1996 G 2596 
Slide programs E 80%; E 68%; E 63%; E 7596; 
quality G 2096 G 3296 G 37 96 G 2596 
Would like to be 100 96 100% 100% 100% 
taught with CPS in 
future 
Potential value in Very valuable Very valuable Very valuable Very valuable 
.medical center 59%; 77%; 81%; 63%; 
valuable valuable valuable valuable 
41% 23% 19% 37% 


CPS = Cardiology patient simulator; E = Excellent: G = Good. 
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additional 1,000 hours with essentially no engineering 
time. 


Discussion 


There is no doubt that simulation techniques are 
valuable for teaching. Airlines are convinced of the value 
of the flight simulator in training pilots because these 
sophisticated devices can accurately simulate in-flight 
situations.^? The cardiology patient simulator is simi- 
larly able to reproduce a wide variety of complicated 
disease states, and mistakes made by the student or 
physician examining the device have no adverse effect. 
Patient simulation techniques allow for free discussion 
between the teacher and students during the process of 
evaluation, and also allow a student self-learning ex- 
perience with a minimum of instructor time. 

Advantages of the simulator: The cardiology pa- 
tient simulator, as currently designed with accompa- 
nying self-instructional programs, should maximize the 
efficiency of the cardiologist's teaching effort. National 
and international health manpower needs, with em- 
phasis on primary care physicians who care for a large 
proportion of patients with cardiac disease, will require 
more fine teachers than we can provide. *Harvey" may 
be a partial solution. It also seems likely that future 
requirements to certify and recertify physician com- 
petence, including bedside skills, will make simulation 
and computer technology methods even more attrac- 
tive. 

The formal pilot studies with the cardiology patient 
simulator at the University of Miami School of Medi- 
cine are of special interest. From the increase in skills 
objectively measured after training on the simulator, 
it would appear that the device can teach with little or 
no time commitment from the faculty. Although the 
simulator is not a substitute for the teacher or for actual 
patient experience, it should allow the teaching faculty 
option in the expenditure of their teaching time. The 
simulator appears to enhance the educational process 
in the development of bedside skills with little demand 
on the patient or support personnel. For example, the 
average faculty time was 777 minutes a day in the tradi- 
tional program, compared with 12 minutes a day in the 
simulator program. 

Results of pilot studies: Our data suggest that stu- 
dent exposure to auscultation and other tactile and vi- 
sual bedside skills is minimal in a traditional program 
when compared with exposure to the cardiology patient 
simulator. This finding was somewhat surprising be- 
cause the conventional program at the University of 
Miami emphasizes bedside skills. It appears that the 
simulator allows the students time to gain these valu- 
able skills in a convenient manner. 

The data also show that students and secretaries 
spend considerable time finding suitable patients for 
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presentation at rounds, even in a large teaching hospital. 
Once studied by the student, patients were often not 
available for bedside evaluation when it was time for 
presentation to the faculty on teaching rounds, Again, 
although the cardiology patient simulator cannot take 
the place of the patient bedside experience or student- 
faculty interchange, it conveniently provides unlimited 
numbers of immediately available simulated patients 
with all the ancillary teaching materials (history, elec- 
trocardiograms, chest X-ray films, results of noninva- 
sive studies, and other data). The convenience and © 
“patient” availability factors might be even greater in 
smaller medical centers. 

The data obtained from 770 students and physicians 
in response to attitude and opinion questionnaires from 
three different universities and from physicians at- 
tending teaching programs at the American College of 
Cardiology Learning Center and scientific sessions of 
national meetings indicate acceptance of the cardiology 
patient simulator. An extremely high percentage of 
students and physicians indicated that they had gained 
knowledge through their experience with the simulator, 
and 100 percent wished to be taught with it in the fu- 
ture. These data were reinforced by the impressions 
expressed by the teachers in charge of the evaluation at 
the cooperating institutions. 

The engineering data logged during more than 1,000 
hours of use demonstrated no unusual technical re- 
quirements, and no significant “down” time that af- 
fected the described training program. 

Implications: Our pilot studies appear to indicate 
that the cardiology patient simulator teaching system 
facilitates learning of bedside diagnosis and cognitive 
information in cardiology. The device also demonstrates 
convenience and efficiency factors in teaching and is 
well accepted by different user groups in diverse edu- 
cational settings. Formal multicenter studies are now 
underway that will more clearly define the teaching 
effectiveness of the cardiology patient simulator. 
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therapeutic gap exists when 
onventional oral procainamide therapy is administered 
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10 + Standard procainamide plasma levels (at steady 
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Procan™ SR 


(PROCRINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analogue 
of procaine hydrochloride. Each tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SR is 
available for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 
absence of any arrhythmia, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the OAS complex occurs 
most consistently; less regularly, the P-R and Q-T 
intervals are prolonged, and the QRS and T waves 
shou some decreose in voltage. 


The sustained-release characteristic of Procan SR 
tablets has been demonstroted in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SR 
tablets given every six hours when compared 

with an equal total daily dose of Pronesty!® 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknoun. 


INDICRTIONS 

Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTRAINDICATIONS 

It has been suggested that procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 





it has been suggested that, in a patient who is 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate ina patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 
be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 


hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
continued with Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
followed thereafter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as a guide for providing the total daily 
dosage: patients weighing less than 55 kg (190 Ib), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 9 every six 
hours; and patients weighing over 91 kg (900 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached, 
Maintenance may then be continued with 

Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 


N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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secause kidney function declines 


DIULO' '" (metolazone) 2Y2-mg., 5-mg. and 10-mg. tablets Before prescribing, 
see complete prescribing information. The following is a brief summary: 
Indications: Diulo (metolazone) is an antihypertensive diuretic indicated for 
the management of mild to moderate essential hypertension as sole 
therapeutic agent and in the more severe forms of hypertension in 
conjunction with other antihypertensive agents. Also, edema associated 
with heart failure and renal disease. Contraindications: Anuria, hepatic 
coma or precoma, allergy or sensitivity to metolazone. Warnings: In theory, 
cross-allergy may occur in patients allergic to sulfonamide-derived drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particular 


Azotemia and hyperuricemia may be noted or precipitated. Considerable 
potentiation may occur when given concurrently with furosemide. When 
added to other antihypertensives, the dosage of the other agents should be 
reduced. Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women or those of 
childbearing age requires that potential benefits be weighed against 
possible hazards to the fetus. Metolazone appears in the breast milk. Not 
recommended for pediatric use. Precautions: Perform periodic examination 
of serum electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, hypochloremic 





Statistics released by the National Institute on Aging show that 
renal function decreases with age — a decline most predictable in 
middle and old age, at just the time when hypertension often 
manifests itself. Thus, at some clinically unpredictable point, the 
pharmacology of a particular diuretic may no longer match your 
patient's pathophysiology; thus, therapy may become less 
effective. Because precise evaluation of renal function is often 
impracticable in the outpatient setting, it makes sound clinical 
sense to use a diuretic that continues to be effective as kidney 


function declines. 


Diulo works to lower blood pressure when kidney function is 
normal and may even produce diuresis and blood pressure 
reduction in patients with glomerular filtration rates below 20 
ml/min. Through a unique secondary mode of action, it exerts an 
effect that differs from that of the thiazides or chlorthalidone. 


Diulo permits a dosage regimen of one tablet a day, which 
encourages patient compliance. Furthermore, peak activity occurs 
during waking hours, minimizing the potential for nighttime 
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when there is excessive vomiting or diarrhea, or when parenteral fluids are 
administered. Patients treated with diuretics or corticosteroids are 
susceptible to potassium depletion. Caution should be observed when 
administering to patients with gout or hyperuricemia or those with severely 
impaired renal function. Insulin requirements may be affected in diabetics, 
and hyperglycemia and glycosuria may occur in latent diabetes. Chloride 
deficit and hypochloremic alkalosis may occur. Orthostatic hypotension may 
occur. Dilutional hyponatremia may occur Adverse Reactions: Constipation, 
nausea, vomiting, anorexia, diarrhea, bloating, epigastric distress, in- 
trahepatic cholestatic jaundice, hepatitis, syncope, dizziness, drowsiness, 


vertigo, headache, orthostatic hypotension, excessive volume depletion, 
hemoconcentration, venous thrombosis, palpitation, chest pain, leukopema, 
urticaria, other skin rashes, dryness of mouth, hypokalemia, hyponatremia, 
hypochloremia, hypochloremic alkalosis, hyperuricemia, hyperglycemia 
glycosuria, raised BUN or creatinine, fatigue, muscle cramps or spasm, 
weakness, restlessness, chills, and acute gouty attacks. Usual Initial 
Once-Daily Dosages: Mild to moderate essential hypertension —2V» to 

5 mg.; edema of cardiac failure —5 to 10 mg.; edema of renal disease 

5 to 20 mg. Dosage adjustment is usually necessary during the course ot 
therapy How Supplied: Tablets, 22, 5 and 10 mg.; in bottles of 100 
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Inthe shock syndrome: 


Selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 
Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.’ Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 
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See following page for brief summary of prescribing information. 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine’s alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect.? Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

1. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med., 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. 
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INTROPIN' (dopamine HCI) 


FOR IV INJECTION: 
9 ml AMPUL 
9 ml ADDITIVE SYRINGE (Rap-Add") 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, odorless, 
crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, alkalis, 
iron salts and oxidizing agents. 5 mi ampul and 5 ml additive syringe (Rap-Add ) Each mi of 
Sterile, non-pyrogenic INTROPIN contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg 
of dopamine base) in Water for Injection. USP containing 1% sodium bisulfite as a preservative. 


INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotoxic Septicemia, open heart surgery, renal failure. 
and chronic cardiac decompensation as in congestive failure. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs 
by which adequacy of vital organ perfusion can be monitored. The physician should also 
observe the patient for Signs of reversal of confusion or comatose condition. Loss of pallor. 
Increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage. Note that at doses above those optimal for the individual 
patient, urine flow may decrease. necessitating reduction of dosage. Concurrent administra- 
tion of INTROPIN and diuretic agents may produce a potentiating effect. 


Low Cardiac Output — Increased cardiac Output iS related to the direct inotropic effect of 
INTROPIN an the myocardium. Increased Cardiac output at low or moderate doses has been 
associated with either static or decreased Systemic vascular resistance (SVR) and appears 
to be related to a favorable prognosis. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR aS may occur with isoproterenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN. which have little effect on SVR. At high 
therapeutic doses, the drug's alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
Soon as a definite trend toward decreased systolic and diastolic pressure becomes evident 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
Solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN will require 
substantially reduced dosage (1/10 the usual starting dose) 


Usage in Pregnancy — INTROPIN may be used in pregnant patients when. in the judgment 
of the physician, the expected benefits outweigh the potential risk to the fetus. 


Usage in Children—The safety and efficacy of INTROPIN for pediatric use has not been 
established. 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN. hypovolemia should 
be fully corrected, if possible, with either whole blood or plasma as indicated. 


Decreased Pulse Pressure —If a disproportionate rise in the diastolic pressure (ie. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preferred to veins in the dorsum of the hand or ankle. 


Occlusive Vascular Disease —Patients with a history of occlusive vascular disease (for 
example, atherosclerosis, arterial embolism, Raynauds disease, cold injury, diabetic 
endarteritis, and Buerger's disease) should be Closely monitored for any changes in color 
of temperature of the skin in the extremities. 





IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 mi 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
an adrenergic blocking agent. A Syringe with a fine hypodermic needle should be 
used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted. 










Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 


Careful Monitoring Required—As in the case of any adrenergic agent, infusion of 
INTROPIN should be accompanied by close monitoring of urine flow, cardiac Output and 
blood pressure. 


ADVERSE REACTIONS: The most frequent include ectopic beats, nausea. vomiting, tachy- 
cardia, anginal pain, palpitation, dyspnea. headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction, bradycardia, piloerection, widened ORS 
complex, azotemia, and elevated blood pressure. 


WARNING: This is a potent drug — must be diluted before administration to patient. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since the drug's duration of action is quite short, no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition. 
use of the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 


CAUTION: Federal law prohibits dispensing without a prescription. Full directions for use 
should be read before administering or prescribing. January 1980 
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A correlative study of abnormal Q waves and pathologic findings was 
performed on 15 hearts from children with Kawasaki disease. Gross © 
pathologic study revealed acute angiitis with pericarditis, acute myo- — 
carditis and coronary heart disease as the result of angiitis. 

Three hearts in infants with abnormal Q waves in leads | and aVL and 
chest leads had gross transmural fibrosis in the anteroseptal-lateral walls | 
of the left ventricle. Coagulation necrosis (acute myocardial infarction) 
or fibrosis, or both, in more than 30 percent of the wall thickness in the 
posterior ventricular wall was found in four of five hearts in infants with 
abnormal Q waves in leads Il, Ill and aVF. Seven of the 15 infants had no 
abnormal Q waves, and only 2 of the 7 had myocardial damage in over 
30 percent of the wall thickness. 

In 9 of the 15 hearts there were 11 gross areas of fibrosis; in these 
hearts there was a corresponding severe stenosis of more than 90 percent 
due to organization in the major coronary arteries supplying these areas. 
In three hearts with coagulation necrosis, the coronary occlusion was 
caused by fresh large thrombi. In the six hearts without sizable fibrosis, 
the grade of stenosis due to organization was less than 75 percent in each 
of the major coronary arteries. 

Coronary aneurysm due to angiitis was seen in 12 of the 15 hearts, and . 
at autopsy fresh large thrombi were seen in each aneurysm. Ten of the 
12 hearts exhibited sizable areas of myocardial damage. Three hearts 
without aneurysm manifested angiitis with mild stenosis of less than 25 
percent, but there were no macroscopic fresh thrombi in any of the major 
coronary arteries. 

Thus, abnormal Q waves in children with Kawasaki disease almost 
always reflect myocardial damage in over 30 percent of the wall thickness 
of the left ventricle. Electrocardiograms are useful to determine the an- 
terior or posterior localization of the damage. Nevertheless, the possibility 
of transmural and nontransmural areas of damage cannot be excluded 
in the absence of abnormal Q waves. 


Since Kawasaki disease was first reported in 1967, approximately 10,000 
similar cases have occurred in Japan.'? Numerous cases have also been 
reported in the United States,?^ Australia? and Europe.® $ 
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ABNORMAL Q WAVES IN KAWASAKI DISEASE—FUJIWARA ET AL. 


Kawasaki disease is an acute systemic inflammatory 
disease occurring in children?? and is considered a 
newly recognized infantile cardiac disease.7-14 In our 
previous report’ on the pathology of the heart in Ka- 
wasaki disease we described four stages: stage 1 (0 to 9 
days of illness), myocarditis, endocarditis, pericarditis 
and angiitis of the major, minor and microscopic coro- 
nary vessels; stages 2 and 3 (12 to 31. days of illness), 
myocarditis, endocarditis, pericarditis, angiitis of major 
coronary arteries with aneurysm and thrombi, and 
coronary heart disease as the result of angiitis; stage 4 
(more than 40 days of illness), coronary stenosis sec- 
ondary to thrombi and fibrous thickening of the wall by 
scars, fibrosis of the myocardium, acute myocardial 
infarction, old pericarditis and focal endocardial fi- 
broelastosis. 

Acute inflammation is also frequently detected in the 


atrioventricular (A-V) and sinoatrial (S-A) conduction 
systems.” Death occurs in 1 to 2 percent and is most 
often sudden.! The causes of death are myocarditis in- 
volving the A-V conduction system in stage 1, and cor- 
onary heart disease, rupture of an aneurysm (which 
occurs mostly in the coronary arteries and rarely in the 
femoral, iliac and other arteries), myocarditis and le- 
sions of the A-V conduction system in stages 2 and 3. In 
stage 4, infants with Kawasaki disease die of coronary 
heart disease.7? The most recent treatment is aspirin 
medication, because the incidence of coronary aneurysm 
was greater in patients receiving steroids than in those 
receiving aspirin.!^ 


TABLE ! 


Various electrocardiographic changes have been re- 
ported and abnormal Q waves have been correlated with 
damage in the anterior wall (abnormal Q waves in leads 
I and aVL and chest leads) and the inferior (patholog- 
ically posterior) wall (abnormal Q waves in leads II, III 
and aVF).!9-!5 Clinicopathologic data have been re- 
ported in several children with the former findings.9.!?.12 
In the present study we attempt to define the pathologic 
significance of the abnormal Q waves in infants diag- 
nosed as having Kawasaki disease. 


Methods 


Patients: Seventy hearts obtained at autopsy from children 
diagnosed as having Kawasaki disease were preserved as 
specimens in this institution from 1975 to 1978. The autopsies 
had been done from 1961 to 1978 in Japan, Hawaii, Australia 
and the Netherlands. In 15 Japanese subjects electrocardio- 
grams and specimens were available for study. None of these 
15 hearts had left bundle branch block. The subjects ranged 
in age from 3 months to 6 years and included eight boys and 
seven girls. Age at the time of death, sex, the suddenness of 
death, heart weight and pericardial effusion are listed ac- 
cording to duration of illness at death in Tables I to III. 

An abnormal Q wave was defined as one with a depth of 
over 2 mm in lead I, 3 mm in lead II, 5 mm in III, 1 mm in aVL, 
3 mm in aVF and 3 mm in V,-V,.!? The specimens were sep- 
arated into three groups according to the conventional elec- 
trocardiographic classification of the anterior or posterior 
locations of the abnormal Q wave: Group I (n = 3), abnormal 
Q waves in leads I and aVL and chest leads; Group II (n = 5), 
abnormal Q waves in leads II, III and aVF; Group III (n = 7), 
no abnormal Q waves. 


Group I: Abnormal Q Waves in Leads I, aVL and Chest Leads in Kawasaki Disease 
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Clinical and Electrocardiographic Data 
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Duration 
of Illness Sudden 
Case Age/Sex at Death Death 
1 yr, 10 mo/M 45 days T 
1 yr, 1 mo/F 4 mo T 
3 6 yr, 6 mo/M 2 yr, 2 mo = 


Electrocardiographic Findings on Abnormal Q Waves 
QS pattern in V3, V4 and CRBBB on day 45 of illness 
QS pattern with T inversion (Fig. 1) 2 hr before death 


QS pattern with T inversion in V4 and small R wave with T 


inversion in Vs 1 mo before death 
prn ES VEO DCIOFO COGM |. —  À|] — 


Cardiac Pathologic Data 


LAD 


An 
—FA 

096 FT 
100 96 Org 


+An 

—FA 
100% FT 
100% Org 


+An 

—FA 

100% FT 
90% Org 


3 300 100 R 


* According to classification of Schlesinger.?' 


An = aneurysm; B = balanced type; CRBBB = complete right bundle branch block; FA 
left anterior descending coronary artery; LCx — left circumflex coronary artery; LV — 


stenosis due to fresh thrombi; HW = heart weight; LAD = 


LCx RCA Pathologic Findings in Myocardium 
—An —An Completely transmural large fibrosis in anterior 
SCA —FA wall, moderate fibrosis involving 5096 of wall 
096 FT 0% FT thickness in the posterior wall. Scattered 
100% Org 50% Org microscopic fibrosis in LV and RV 
+An —An Completely transmural large fibrosis with focal 
—FA —PFAÀ coagulation necrosis in anterolateral LV wall. 
7596 FT 096 FT Scattered microscopic fibrosis in LV and RV 
50% Org 90% Org 
+An —An Completely transmural large fibrosis in the 
—FA —FA lateral LV wall 
100% FT 0% FT 
90% Org 75% Org 


= coronary stenosis due to fresh angiitis; FT = coronary 


left ventricle; Org = coronary stenosis due to organization of thrombi or old angiitis, or both; PE = pericardial effusion; R = right preponderance; 


RCA = right coronary artery; RV = right ventricle. 
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Pathologic examination: The three major coronary ar- 
teries were sectioned in their entirety from the ostium to the 
periphery. Each artery was cut transversely at 2 to 3 mm in- 
tervals and was diagrammatically sketched. In each case, 10 
to 15 tissue blocks were obtained and were microscopically 
examined after staining with hematoxylin-eosin, elastic Van 
Gieson, periodic acid-Schiff, and phosphotungstic acid- 
hematoxylin. In these specimens, the degree of stenosis due 
to fresh angiitis, fresh thrombi or organization was deter- 
mined. 

The heart was incised serially and latitudinally at about 5 
mm intervals and observed macroscopically. In each case, two 
large sections (upper one third and lower one third) of the 
heart were used for histologic study. In addition, histologic 
examination was performed on sections with abnormal mac- 
roscopic findings. These sections were stained with hema- 
toxylin-eosin, elastic Van Gieson and Masson trichrome. 

Necrosis or fibrosis involving more than 75 percent of the 
myocardial wall was considered “transmural” and only the 
inner half of the myocardial wall was considered “subendo- 


ABNORMAL Q WAVES IN KAWASAKI DISEASE—FUJIWARA ET AL. 


cardial.” 2° Extension of necrosis of the myocardial cells or 
fibrosis, or both, greater than 10 mm was designated large, 
greater than 2 mm moderate, greater than 1 mm small, and 
less than 1 mm microscopic. 


Results 


Group I: abnormal Q waves in leads I and aVL 
and chest leads (Table I, Fig. 1): In three cases (Cases 
1 to 3) in which the electrocardiographic findings were 
consistent with anterior wall damage, autopsy revealed 
completely transmural large fibrosis of the anterolat- 
eral-septal walls of the left ventricle and 90 percent 
stenosis or occlusion of the left anterior descending and 
left circumflex coronary arteries due to organization of 
angiitis and thrombi (Fig. 1). Focal coagulation necrosis 


(acute myocardial infarct) was seen in the anterior 





ventricular wall in Case 2. The electrocardiogram in 
Case 1 missed a moderate-sized fibrosis involving 50 
percent of the posterior wall thickness. Diffuse old in- 


TABLE Il 
Group Il: Abnormal Q Waves in Leads Il, Ill and aVF in Kawasaki Disease 


Clinical and Electrocardiographic Data 


Cd e SB TID TRE. 1 D OCCORRE Ro TIERE. i or M a umm 


Duration 
of Iliness Sudden 
Case Age/Sex at Death Death Electrocardiographic Findings on Abnormal Q Waves 
4 7 mo/F 21 days + Nonchangeable deep Q waves without T inversion in IIl (Q/R = 5/12) on 
days 8, 17, 21 of illness 
11 mo/M 23 days U Serial electrocardiograms (Fig. 3) 
6 9 mo/F 48 days T No Q waves day 11 of illness. Depth of the abnormal Q waves without T 
inversion increased gradually on day 23 (Q/R of Ill = 5/14 mm), and 
days 27 and 32 (Q/R of Ill = 8/14 mm) 
9 mo/M 66 days + Serial electrocardiograms (Fig. 4) 
7 mo/F 3 mo ^ Serial electrocardiograms (Fig. 5) 
Cardiac Pathologic Data 
HW PE 
Case (g) (ml) CT LAD LCx RCA Pathologic Findings in Myocardium 
4 55 5 R —An —An —An Scattered acute myocarditis in LV and RV 
2596 FA 25% FA 2596 FA 
096 FT 0% FT 096 FT 
—Org —Org —Org 
5 67 i R +An —An +An Moderate-sized acute infarction involving 50% 
25% FA 25% FA 50% FA of posterior wall thickness (Fig. 3). Scattered 
0% FT 0% FT 100% FT acute myocarditis in LV and RV 
—Org —Org —Org 
6 50 = B +An —An +An Moderate- and small-sized fibrosis involving 
—FA “FA —FA 30% of the wall thickness in LV posterior 
50% FT 100% FT 100% FT and lateral walls. Scattered microscopic 
10% Org 10% Org 100% Org fibrosis of LV and RV. 
7 55 = R +An +An +An Subendocardial moderate- and small-sized 
—FA —FA —FA fibrosis involving 30% of the thickness of LV 
75% FT 100% FT 100% FT posterior wall (Fig. 4). Scattered microscopic 
75% Org 50% Org 100% Org fibrosis of LV and RV 
8 69 ve R +An —An +An Subendocardial moderate-sized fibrosis 
—FA —FA —FA involving 30% of the thickness of LV 
75% FT 0% FT 100% FT posterior wall. Acute infarction with — 
75% Org 50% Org 100% Org coagulation necrosis in the posteromedial 


papillary muscle. Scattered microscopic i; 
fibrosis of LV and RV 


EUM n l a l a rs a a ee d e re ia RET eit 


Abbreviations as in Table I. 
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Group Ill: No abnormal Q Waves Throughout the Clinical Course in Kawasaki Disease 


TABLE Ill 

Duration 
of Illness Sudden HW 
Cases  Age/Sex atDeath Death (g) 
9 10 mo/M 8 days T 47 
10 3 mo/M 20 days - 50 
11 6 mo/M 29 days T 97 
12 3 yr/F 5 mo + ? 
13 2 yr/F 7 mo x 75 
14 1 yr, 11 mo T ? 

3 mo/F 

15 5 yr/M 4 yr — 254 


PE 
(ml) 


15 


22 


CT = coronary type; other abbreviations as in Table |. 





FIGURE 1. Case 2. Electrocardiogram and sections of myocardium and three ma 
pattern with T wave inversion and mild S-T elevation in leads |, aVL and V3- Vs. 
in the anterolateral wall of the left ventricle (LV). Right, the three major coronary art 
and left circumflex (LCX) coronary arteries. There is stenosis due to fresh thrombi (! 
75 percent in the left circumflex artery; stenosis due to or 
50 percent in the left circumflex artery and 90 percent in 
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1096 FA 
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25% FA 
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LCx 


—An 
0% FA 
0% FT 
—Org 


—An 
0% FA 
0% FT 
—Org 


—An 

10% FA 
100% FT 
—Org 


—An 
—FA 
0% FT 
50% Org 


+An 

—FA 

100% FT 
0% Org 


+An 

—FA 

100% FT; 
75% Org 


—An 
—FA 
10096 FT 


RCA 
—An Scattered acute myocarditis of LV 
10% FA and RV 
096 FT 
—Org 
—An Severe acute myocarditis in LV and 
25% FA RV 
0% FT 
—Org 
+An Scattered microscopic fibrosis in 
50% FA LV and RV 
100% FT 
—Org 
+An Scattered microscopic fibrosis in 
—FA LV and RV 
100% FT 
75% Orc 
+An Moderate-sized fibrosis involving 
—FA 30% of thickness in LV anterior 
100% FT wall. Scattered microscopic 
75% Org fibrosis of LV and RV 
—An Small-sized fibrosis involving 20 96 
-FA of thickness in the LV lateral 
0% FT wall. Scattered microscopic 
90% Org fibrosis in LV and RV 
+An Transmural large-sized fibrosis with 
—FA focal coagulation necrosis in 
100% FT anterior wall of the apical portion 


of LV 


jor coronary arteries. Left, the electrocardiogram shows a QS 
Center, 


the heart incised latitudinally reveals large transmural fibrosis 
eries with aneurysm (!) in the left anterior descending (LAD) 


) of 100 percent in the left anterior descending artery and of 
ganization (*) of angiitis and thrombi is 100 percent in the left anterior descending artery, 
the right coronary artery (RCA). A — anterior; P — posterior. 


flammatory changes consisting of scar in the three major 
coronary arteries and scattered microscopic fibrosis in 
both ventricles (Fig. 2) were noted in the three 
hearts. 

Coronary aneurysms were found in the left anterior 
descending artery in three hearts and in the left cir- 
cumflex artery in two hearts. Because large fresh 
thrombi (Fig. 1) were detected in these aneurysms, 
death in these three infants was probably caused by 
acute exacerbation of the coronary stenosis. 

Group II: abnormal Q waves in leads II, III and 
aVF (Table II): In five cases (Cases 4 to 8), all elec- 
trocardiograms revealed a QR pattern and no T wave 
inversion, findings consistent with posterior wall 
damage. In Case 4 the abnormal Q waves remained 
unchanged from the early stage of the disease to death. 
Autopsy revealed scattered acute myocarditis (Fig. 2) 
and no sizable areas of necrosis or fibrosis. There was 
no evidence of significant stenosis or thrombi in the 
major or small coronary arteries. T'he cause of death was 
probably acute myocarditis. Because the scattered acute 
myocarditis was seen in both ventricles and was not 
specific to the posterior wall, the abnormal Q waves in 
this case did not reflect pathologic changes. 

In Cases 5 to 8, abnormal Q waves were not evident 
in the early stage of the disease but was clearly seen on 
days 13 to 39 of illness (Fig. 3 to 5). In Case 5, death 
occurred 2 days after the appearance of abnormal Q 
waves, and moderate-sized coagulation necrosis in- 
volving 50 percent of the wall thickness was noted in the 
posterior wall of the left ventricle (Fig. 3). The right 
coronary artery?! was predominant, and complete oc- 
clusion with fresh thrombi was found in bead-like an- 
eurysms in its stem. The cause of death in this case was 
acute myocardial infarction. 

In Cases 6 to 8, death occurred more than 3 weeks 
after the appearance of abnormal Q waves, and mod- 
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erate-sized fibrosis involving 30 percent of the posterior 
ventricular wall thickness was noted. The electrocar- 
diogram missed lateral wall fibrosis involving 30 percent — 
of the wall thickness in Case 6. The right coronary artery : 
was predominant in the two hearts and a balanced 
coronary circulation was present in one heart. In all 
three hearts, complete occlusion due to organization of 
angiitis or thrombi, or both, was noted in the middle or 
peripheral portions, or both, (without evidence of an- 
eurysm) of the right coronary artery (Fig. 4). The left 
anterior descending and circumflex coronary arteries 
were 10 to 75 percent stenosed due to scars. Because 
large fresh thrombi occluded or produced stenosed 
aneurysms in the stems of the major coronary arteries 
(Fig. 4, Table II), it is probable that sudden death in 
these three infants was due to acute exacerbation of the 
coronary stenosis. 

Diffuse acute angiitis in each of the three major 
coronary and small arteries and acute myocarditis 
were detected in Patients 4 and 5, who died, respec- 
tively, after 21 and 23 days of illness. Diffuse old in- 
flammatory changes of each major coronary artery 
consisting of scars and scattered microscopic myocardial 
fibrosis were noted in Patients 6 to 8, who died after 48 
days to 3 months of illness. 

Group III: no abnormal Q waves throughout the 
clinical course (Table III): In two of these seven cases 
(Cases 13 and 15) there were moderate or large areas of 
fibrosis in the left ventricle. In Case 13, moderate-sized 
subendocardial fibrosis involving 30 percent of the wall 
thickness was detected in the anteroseptal wall of the 
left ventricle. The coronary arteries were stenosed as a 
result of organization, with 90 percent narrowing of the 
left anterior descending and 75 percent narrowing of the 
right coronary artery. In Case 15, there was a completely 
transmural large area of fibrosis in the anteroapical 
portion, 90 percent stenosis in the left anterior de- 





FIGURE 2. Microscopic fibrosis (left) and scattered focal acute myocarditis (right). Left, Case 2. Similar microscopic fibrosis is frequently noted 


in the heart of patients with Kawasaki disease who die during stage 4 (more than 40 days of illness). (Hematoxylin-eosin, X200.) Right, Case 4. 
Scattered acute myocarditis with edema and mild infiltration of leukocytes and lymphocytes. These findings are frequently seen in the heart of 
infants with Kawasaki disease, stages 1 and 2 (0 to 25 days of illness). The microscopic fibrosis in Case 2 is probably also scar from the scattered 


myocarditis. (Hematoxylin-eosin, X 100.) 


*- 
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Duration of Illness 
12th D 19th D 20th D 21st D 


Jus dA pb df 
1 ai bt + Te 












, 





FIGURE 3. Case 5. Electrocardiograms (top) and histologic section of 
the myocardium (bottom). Top, abnormal Q waves with S-T segment 
elevation and no T wave inversion in lead III (Q/R ratio = 5:3 mm) are 
seen on the 21st day (D) of illness. The patient died on the 23rd day. 
Bottom, acute myocardial infarction is evident in the posterior wall of 
the left ventricle. Note coagulation necrosis with inflammatory cell 
infiltration in the upper half of this panel. (Hematoxylin-eosin X200, 
reduced by 21 percent.) 
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scending and 50 percent stenosis in the left circumflex 
and right coronary arteries due to organization of an- 
giitis or thrombi, or both. 

In Case 14 with small areas of fibrosis involving 20 
percent of the lateral wall thickness, there was stenosis 
due to organization involved in 90 percent of the right 
coronary artery and in 75 percent of the left circumflex 
and anterior descending coronary arteries. In the re- 
maining four patients (Cases 9 to 12) there was no 
damage in the left ventricle, and there was evidence of 
stenosis due to acute angiitis or organization involving 
less than 75 percent of each major coronary artery. 

Diffuse acute angiitis in each of the major coronary 
arteries and the numerous small arteries was noted in 
Patients 9 to 11, who died after 8 to 29 days of illness. 
Diffuse old inflammatory changes in the coronary ar- 
teries were seen in patients 12 to 15, who died after 5 
months to 5 years of illness. Coronary aneurysms were 
found in five of the seven hearts (Cases 11 to 15) and all 
the aneurysms were completely obstructed as a result 
of fresh thrombi. Acute myocarditis was present in 
Cases 9 and 10, and scattered microscopic fibrosis was 
evident in both ventricles in Cases 11 to 15. 

The cause of death was probably acute myocarditis 
in Cases 9 and 10, and acute exacerbation of coronary 
stenosis secondary to fresh large thrombi in Cases 11 to 


15. 
Discussion 


In this study, seven of eight infants with abnormal Q 


waves had moderate or large (more than 2 mm) areas of 
myocardial necrosis or fibrosis, or both, in over 30 per- 
cent of the ventricular wall thickness. In another pa- 
tient, there were no corresponding pathologic changes 
in the heart and the abnormal Q waves did not change 
from the early stage to death. Only two of seven infants 
without abnormal Q waves had myocardial damage of 
over 30 percent of the wall thickness. 

Abnormal Q waves in leads I and aVL and chest leads 
occurred in three of six cases with anterior damage of 
over 30 percent of the wall thickness. In these three 
hearts (Cases 1 to 3) there was transmural large fibrosis 
or necrosis, or both, and 3 cases of damage missed by 
electrocardiograms comprised an apical transmural fi- 
brosis (Case 15) and two nontransmural areas of fibrosis 
(Cases 6 and 13). Four of five cases with posterior 
damage in over 30 percent of the wall thickness had 
abnormal Q waves in leads II, III and aVF. Non- 
transmural necrosis or fibrosis, or both, was also noted 
in these four hearts (Cases 5 to 8). A remaining heart 
with posterior nontransmural fibrosis that had been 
missed on electrocardiography had combined anterior 
transmural fibrosis and the electrocardiograms showed 
abnormal Q waves indicative of only anterior wall 
damage. 

Significance of abnormal Q waves: Our data in- 
dicate that abnormal Q waves in infants with Kawasaki 
disease, particularly as evidenced during the clinical 
course, almost always reflect myocardial necrosis or fi- 
brosis, or both, in over 30 percent of left ventricular wall 


ABNORMAL Q WAVES IN KAWASAKI DISEASE—FUJIWARA ET AL 





Duration of illness 
6th D 13th D 20th D 23rd D 29th D 42th D 


Y TAE 





FIGURE 4. Case 7. Electrocardiograms 
(left), macroscopic section (upper right) 
and histologic section (middle right) of 
the myocardium, and sections of the 
three major coronary arteries (lower 
right). Left, the depth of the Q waves in 
leads Ill and aVF increased gradually 
from the early stage of disease until the 
time of death. No T wave inversion is 
noted. Upper right, moderate- and 
small-sized areas of subendocardial 
fibrosis (arrows) involving 30 percent 
of the posterior (P) wall of the left ven- 
tricle (LV). RV = right ventricle. Middle 
right, area of moderate fibrosis. (Elas- 
tica Van Gieson stain X50, reduced by 
21 percent.) Lower right, the three 
major coronary arteries with aneurysm 
(!). Note that the stenosis due to fresh 
thrombi (!) is 75 percent in the left an- 
terior descending artery (LAD) and 100 
percent in the left circumflex (LCX) and 
right (RCA) coronary arteries; that due 
to organization (*) of angiitis and 
thrombi is 75 percent in the left anterior 
descending, 50 percent in the left cir- 





cumflex and 100 percent in the right pe 
coronary artery. 

thickness; the injury may or may not be transmural. Duration of Illness 
Electrocardiograms are useful in determining the an- llth D 33rd D 39th 


terior or posterior localization of the damage. The ab- TAS CN 
sence of abnormal Q waves does not exclude the possi- Ws sour 
bility of myocardial damage due to nontransmural or 
transmural necrosis or fibrosis of any degree. This 
finding is in keeping with previous clinicopathologic 
data on myocardial infarction or myocarditis, in both 
adults and infants.?2-9?0 

In four patients (Cases 5 to 8) with a QR pattern 
without T wave inversion in leads II, III and aVF there 
was nontransmural damage in the posterior wall, and 
in three patients with a QS pattern in leads I and aVL 
and chest leads (Cases 1 to 3) there was transmural 
damage in the anterior wall. 

Correlation with coronary arterial abnormali- 
ties: Eleven instances of small to large areas of fibrosis 
in the left ventricle were noted in 9 of the 15 hearts. In 
9 of these 11 instances of fibrosis there was a corre- 
sponding stenosis of more than 90 percent due to orga- 
nization in the major coronary arteries supplying the 
area. Although stenosis of the major coronary artery 
supplying the area was 75 and 50 percent, respectively, | 
in the other two instances of fibrosis, the hearts had 90 FIGURE 5. Case 8. Electrocardiogram. Abnormal Q waves without T 
percent or complete occlusion in one of the two major inversion in leads Il, Ill and aVF are detected only on the 39th day of 
coronary arteries. illness. 
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Coagulation necrosis was seen in three hearts (Cases 
2,5 and 15), in which there was a corresponding occlu- 
sion due to fresh thrombi in the major coronary arteries 
supplying the areas. In the six hearts without sizable 
fibrosis (Cases 4, 5 and 9 to 12), the grade of stenosis due 
to organization was less than 75 percent in each of the 
major coronary arteries. 

Coronary aneurysm: Coronary aneurysm due to 
angiitis was seen in 12 of 15 hearts, including all 10 
hearts with sizable areas of necrosis or fibrosis, or both, 
and 2 of 5 hearts without sizable areas of damage. In all 
12 hearts, large fresh thrombi were found in the aneu- 
rysm and the periphery of the arteries. The three hearts 
without aneurysm had angiitis with a stenosis of less 
than 25 percent, but there were no macroscopic fresh 
thrombi in each of the major coronary arteries. 

Myocardial infarction versus severe myocarditis: 
These data suggest that the typical cause of sizable 
myocardial necrosis and fibrosis in the heart with cor- 
onary aneurysm is myocardial infarction due to coro- 
nary stenosis. But the hearts of patients with Kawasaki 
disease have acute myocarditis of various grades not 
compatible with the grades of coronary angiitis. We? 
previously reported that acute myocarditis was found 
in stages 1, 2 and 3 of Kawasaki disease (duration of 
illness 0 to 31 days), and coronary stenosis with or 


without aneurysm occurred in stages 2, 3 and 4 (dura- 
tion of illness more than 12 days). Therefore, if abnor- 
mal Q waves appear in stage 4, as in Case 8, the patho- 
genesis is myocardial infarction. If abnormal Q waves 
appear in stages 1 and 2 and the infants die more than 
3 weeks after the appearance of the abnormal Q waves, 
as in Cases 6 and 7, it is difficult to differentiate 
pathologically whether the sizable fibrosis is due to se- 
vere myocarditis or myocardial infarction. 

The cause of death was coronary occlusion due to 
large fresh thrombi in the major coronary arteries with 
aneurysm in 12 of the 15 infants, and myocarditis in 3 
infants without aneurysm (Cases 4, 9 and 10). Serial 
sections of the A-V conduction system in Cases 4 and 
9 revealed severe acute inflammatory changes in the 
A-V node, His bundle, left bundle branch and right 
bundle branch.? Because the acute myocarditis in these 
hearts was not severe, death in Cases 4 and 9 may have 
been due to arrythmias caused by the severe myocar- 
ditis in the A-V conduction system. 
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.- 


With use of biplane cineangiocardiograms, ventricular cavity volume 
measurements were determined in 17 patients with single ventricle, before 
total correction. There were 4 patients with a single left and 13 with a 
single right ventricle. Atrioventricular (A-V) valve regurgitation was evi- 
dent in 6 of 13 patients with a common A-V valve. End-diastolic volume 
index ranged from 72 to 282 ml/m? (average 131 mi/m2), and these values 
ranged from 71 to 206 percent ( average 110 percent) of the sum of the 
normal left and right ventricular end-diastolic volumes. Ejection fraction 
averaged 0.55. There was no significant difference in ventricular cavity 
volume characteristics and ventricular function between patients with 


Single left and single right ventricle. 


The single ventricle ejects blood to both the systemic and the pulmonary 
circulatory beds. There was a high correlation of end-diastolic volume 
index with pulmonary to systemic flow ratio (r = +0.89, p <0.001). This 
observation indicates that the major factor affecting ventricular cavity 
volume in single ventricle is pulmonary blood flow and a systemic to 
pulmonary arterial shunt should increase the ventricular cavity 
volume. 

Ventricular function of single ventricle was depressed. The ejection 
fraction of patients with A-V valve regurgitation averaged 0.49, which was 
significantly lower than that (0.58) of patients without regurgitation (p 
« 0.05). A-V valve regurgitation was also a factor that increased ven- 
tricular cavity volume, although the ventricular function became more 
depressed. 


Total surgical repair of a single ventricle is difficult. Although ana- 
tomic,'-? hemódynamic*^ and anglocardiographic studies of this defect 
have been carried out, there is apparently no information concerning 
ventricular cavity volume characteristics and ventricular function of a 
single ventricle. Feasibility of total correction (ventricular septation) 
of a single ventricle is dependent not only on the associated anomalies, 
but also on the volume of the ventricular cavity. Some patients with a 
single ventricle have a small ventricular cavity volume, which would 
result in a small stroke volume and low cardiac output inadequate to 
support life. Therefore, when surgical repair is being considered, the 
volume of the ventricular cavity should be estimated. The purpose of 
this paper is to describe the ventricular volume characteristics and 
function of a single ventricle before and after palliative surgery. 


Methods 


Patients and classification: Seventeen patients with a diagnosis of single 
ventricle confirmed by cineangiocardiography were studied at Osaka University 
Hospital from February 1977 to August 1978. Single ventricle was defined!.^6 
as one ventricular chamber that received input of blood from both atrioven- 
tricular (A-V) valves either separately or through a common A-V valve. Cases 
of tricuspid atresia or mitral atresia were excluded. 
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Our classification is based on the angiocardiographic cri- 
teria matching the pathologic classification of Van Praagh et 
al. and Kozuka et al.9 The three anatomic groups are (1) 
single left (type A according to Van Praagh's classification); 
(2) single right (types B and D); and (3) undivided (type C) 
ventricle, according to Kozuka et al. There were 4 patients 
with single left ventricle, 13 with single right ventricle and no 
patient had an undivided ventricle. Ten patients were studied 
preoperatively, five had undergone a systemic to pulmonary 
shunt operation and two a superior vena cava to pulmonary 
arterial shunt. The 10 preoperatively studied patients were 
separated into two groups, five without or with only mild 
pulmonary stenosis and five with severe pulmonary stenosis 
or pulmonary atresia. There were 12 boys and 5 girls. Ages at 
the time of study ranged from 9 months to 14 years (average 
4.6 years). Arterial oxygen saturation ranged from 69 to 87 
percent and averaged 79 + 1.4 percent (standard error of the 
mean). Serum hemoglobin ranged from 11 to 23 (mean 17 + 
2.3) g/dl. Cardiothoracic ratio on X-ray film ranged from 0.41 
to 0.69 (mean 0.57 + 0.023). Six patients had common A-V 
valve regurgitation. 

Angiographic procedures: For premedication in children 
less than 2 years of age meperidine, 1.5 mg/kg, was given in- 
tramuscularly at least 30 minutes before cineangiocardio- 
graphy. Occasionally, diazepam, 0.3 mg/kg, was given during 
the procedure. In children older than 2 years, meperidine was 
used in a dose of 1.0 mg/kg for premedication. Thiopental, 12 
mg/kg, was given intramuscularly during the procedure. 
Pressures were obtained prior to cineangiocardiography using 
a National Institutes of Health catheter with zero reference 
to the mid chest. Oxygen saturation was determined using 
reflectance oximetry. 

Ventricular cavity volumes were calculated from biplane 
cineangiocardiograms after the injection of contrast medium 
into the right atrium, left atrium or single ventricle. Ectopic 
and postectopic beats were excluded from analysis. In some 
patients, biplane ventricular images of the single left ventricle 
(except for the outlet chamber) appeared similar to those of 
the single right ventricle. In most patients, the main chamber 
of the single left ventricle had a shape similar to that of the 
normal left ventricle, and biplane ventricular images (sil- 
houettes) of the single right ventricle were much the same as 
those seen in the normal right ventricle. Therefore, for ven- 
tricular volume estimation, regression equations were appli- 
cable: Vt = 0.93 X Vc — 3.8 (ml)? for volume estimation of the 
single left ventricle, and Vt = 0.76 X Vc — 0.2 (mI)? for volume 
estimation of the single right ventricle, where Vt and Vc = true 
and calculated volume, respectively. This equation used for 
volume estimation of the right ventricle has proved adequate 
even with clockwise or counterclockwise rotation.® The outlet 
chamber was not included in volume estimation of the single 
left ventricle. 

The data were expressed in milliliters per square meter or 
as a percent of the sum of the normal left and right ventricular 
volumes estimated from the formula described by Nakazawa 
et al. 


Results 


End-diastolic volume and ejection fraction: 
End-diastolic volume index of the single ventricle 
ranged from 72 to 282 ml/m? with an average of 131 + 
12.6 ml/m? (mean + standard error of the mean). End- 
diastolic volume ranged from 71 to 206 percent and 
averaged 110 + 9.9 percent of the sum of the normal left 
and right ventricular end-diastolic volumes estimated 
from the formula of Nakazawa et al.” The single ven- 
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tricle had a volume 1.4 to 4 times that of the normal left 
or right ventricular volume. Ejection fraction ranged 
from 0.40 to 0.64 (mean 0.55 + 0.018). End-diastolic 
pressure of the single ventricle ranged from 2 to 13 
(mean 8 + 0.9) mm Hg. End-diastolic volume index of 
the single left and single right ventricle averaged 126 
and 132 ml/m?, respectively. These were equal to 103 
and 112 percent of the sum of the normal left and right 
ventricular end-diastolic volumes, respectively. Average 
ejection fraction of a single left ventricle was 0.57 and 
that of a single right ventricle was 0.54. There was no 
difference in ventricular end-diastolic volume and 
ventricular function between single left and single right 
ventricle (Fig. 1). 

Groups with and without pulmonary stenosis: 
The patients were then separated into four groups: (1) 
those with only mild or no pulmonary stenosis, (2) those 
with severe pulmonary stenosis, (3) those with a sys- 
temic to pulmonary shunt, and (4) those with a superior 
vena cava to pulmonary arterial shunt. Cardiothoracic 
ratios were approximately the same in each group. Ar- 
terial oxygen saturation averaged 82 and 74 percent, 
respectively, in the group with mild or absent pulmo- 
nary stenosis and in the group with severe stenosis. This 
difference was significant (p «0.005) (Fig. 2). End- 
diastolic volume index averaged 146 and 91 ml/m?, re- 
spectively, in the group with mild or absent pulmonary 
stenosis and in the group with severe stenosis. This 
difference, too, was significant (p <0.05) (Fig. 3). The 
six patients with common A-V valve regurgitation had 
a larger ventricular volume than patients without 
regurgitation in these two groups (Fig. 3). 

Pulmonary to systemic flow ratio: The single 
ventricle ejects blood to both the systemic and the 
pulmonary circulatory beds. Therefore, pulmonary to 
systemic flow ratios were calculated in 15 patients ex- 
cluding the patients with a superior vena cava to pul- 
monary arterial shunt; these ratios ranged from 0.30 to 
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FIGURE 1. End-diastolic volume index (EDVI), ratio of end-diastolic 
volume to sum of normal left and right ventricle (EDV/Normal), and 
ejection fraction (E.F.) in patients with single left or single right ventricle. 
There was no difference in end-diastolic volume and ejection fraction 
between the two groups. M = meter; S.E. = standard error of the 
mean. 
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40 o 60 nary arterial shunt [SA-PA]; and (4) superior vena cava 
to pulmonary arterial shunt [VCS-PA ]. Arterial Oxygen 
saturation was significantly higher in the group with mild 
or absent pulmonary stenosis than in the group with se- 
vere stenosis (p <0.05). There was no difference in 
o 0 cardiothoracic ratio among the four groups. n.s. = not 
PS(-) PS(+) SA-PA VCS-PA PS(-) PS(+) SA-PA VCS-PA significant; P — probability; S.E. — standard error of the 
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3.75 (mean 1.24 + 0.230). Stroke volume index and 
end-diastolic volume index were significantly correlated 
with pulmonary to systemic flow ratios (r — 0.76, p 
«0.001; and r = +0.89, p «0.001, respectively) (Fig. 4). 
It thus appears that patients with a higher pulmonary 
to systemic flow ratio have a larger ventricular cavity 
volume. 

End-diastolic volume index of the single ventricle 
was compared with the normal value, that is, the sum 
of the normal left and right ventricular end-diastolic 
volumes. Nine of the 17 patients had a larger than nor- 
mal ventricular volume, and the other 8 had a ventric- 
ular volume between 50 and 100 percent of the normal 
value (Fig. 5). 

Ejection fraction: This value was similar in all pa- 
tients, and there was no correlation of ejection fraction 
with end-diastolic volume index (Fig. 6). However, the 
ejection fraction averaged 0.49 in the six patients with 
A-V valve regurgitation and 0.58 in the patients without 
such regurgitation (p «0.05) (Fig. 7). 


Discussion 


Some workers! have reported that the single left 
ventricle differs in structure from the single right ven- 
tricle. However, it has also been stated? that there is no 
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P<0.05 n.S. © 
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mean. 


difference in morphologic characteristics between single 
left and single right ventricle, except for the absence or 
presence of an outlet chamber. There is also documen- 
tation? that a single ventricle with an outlet chamber 
is a single left ventricle and one without an outlet 
chamber is a single right ventricle. We agree with this 
opinion, because in most of our patients the structure 
of the single ventricle with an outlet chamber was sim- 
ilar to that of the normal left ventricle and a single 
ventricle without an outlet chamber had the same shape 
as that of the normal right ventricle. 

Estimation of ventricular volume of single ven- 
tricle: For such estimation, it would be preferable to use 
the regression equation made from a cast study of the 
single ventricle. However, it is impossible to make one 
regression equation, because there are many varieties 
of ventricular structures in cases of a single ventricle. 
We applied the regression equation of the left ventricle . 
to the volume estimation of the single left ventricle, and 
that of the right ventricle to volume estimation of the 
single right ventricle. Arcilla et al.!° reported that in the 
estimation of ventricular volume, geometric configu- 
ration of the ventricular chamber is not critical and the 
planar surface area of the frontal and lateral projection 
images are important. Therefore, our technique is ap- 
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FIGURE 3. End-diastolic volume index (EDVI) in the four 
groups. This value was significantly greater in the group 
with mild or absent pulmonary stenosis than in the group 
with severe stenosis (p « 0.05). A-V = atrioventricular: 
other abbreviations as in Figure 2. 
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FIGURE 4. Relation between pulmonary to systemic flow ratio (Qp/Qs) 
and stroke volume index (upper panel) and end-diastolic volume index 
(EDV!) (lower panel). Both panels show significant correlations. M = 
meter; P = probability; r = correlation coefficient. 


plicable for estimation of the ventricular volume of a 
single ventricle. Our preliminary studies revealed that 
angiography performed at a rate of 6 frames/s did not 
indicate the precise ventricular end-diastolic and end- 
systolic ventricular volumes. Therefore, biplane 
cineangiocardiography performed at a rate of 80 
frames/s should be used to acquire pertinent informa- 
tion to make an accurate assessment of ventricular 
volume and function. 

Cavity volume of single ventricle: This value de- 
pends on the systolic output, that is the sum of the 
systemic and pulmonary outputs. Because systemic 
output is determined by the peripheral oxygen con- 
sumption, arterial saturation and mixed venous oxygen 
content, pulmonary output is a major factor affecting 
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FIGURE 6. Relation between ejection fraction (EF) and end-diastolic 
volume index (EDVI). M — meter. 
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FIGURE 5. Relation between end-diastolic volume (EDV) and body 
surface area (BSA). Solid and dashed lines show the sum of the normal 
left (LV) and right ventricular (RV) volumes and half of these two vol- 
umes, respectively. Nine patients were included beyond the solid line 
and eight between the solid and dashed line. M = meter; other un- 
identified abbreviations as in Figure 2. 


the cavity volume of a single ventricle. Thus, a systemic 
to pulmonary shunt operation should be effective in 
increasing the volume of the small ventricle. This 
finding is in agreement with the results of left ventric- 
ular volume studies in tetralogy of Fallot,!! tricuspid 
atresia!2 and common A-V canal.!? We found no dif- 
ference in ventricular volume characteristics between 
the single left and the single right ventricle. A systemic 
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FIGURE 7. Ejection fraction (E.F.) in patients with or without atrioven- 
tricular (A-V) valve regurgitation. Ejection fraction was significantly (p 
<0.05) lower in patients with (0.49) than in those without (0.58) 
regurgitation. P = probability; S.E. = standard error of the mean. 
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to pulmonary shunt allows for an increase in arterial 
oxygen saturation and in ventricular volume. 

À superior vena cava to pulmonary arterial shunt is 
also effective for increasing arterial oxygen saturation, 
but it does not increase the ventricular cavity volume. 
In this case, the blood from the superior vena cava flows 
directly to the pulmonary artery without passing 
through the ventricle; thus, the ventricle does not need 
to eject the blood from the superior vena cava. This is 
quite different from a systemic to pulmonary shunt. 

Ventricular cavity volume of the single ventricle is 
larger than the normal left or right ventricular volume, 
despite the presence of only one ventricle. Moreover, 
half of our patients had a ventricular cavity volume 
exceeding the sum of the normal left and right ven- 
tricular volumes. However, these patients had no clin- 
ical signs of heart failure. Ejection fraction was low in 
most patients, particularly in those with cyanotic heart 
disease.1^14./5 The contractile function in single left and 
single right ventricle was essentially the same. 

A-V valve regurgitation was associated with a com- 
mon A-V valve, but not with separate A-V valves. This 


disorder is a factor that leads to an increase in cavity 
volume and suggests a more depressed ventricular 
function or myocardial damage.!®:!7 The cause of this 
depressed ventricular function was not clarified. 

Surgical implications: Function of the single ven- 
tricle would be essentially the same after surgical cor- 
rection as before operation, and septation of the small 
ventricular cavity would result in a low cardiac output. 
In order to maintain a good postoperative state, it is 
necessary for patients with single ventricle to have a 
large ventricular cavity volume. In patients with such 
a large volume, the function of the single ventricle is well 
maintained until A-V valve regurgitation appears. 
Therefore, for total correction (ventricular septation), 
the most feasible approach is to enlarge the ventricular 
cavity volume by making a systemic to pulmonary shunt 
to the extent that there is A-V regurgitation. 


Acknowledgment 


We thank Mariko Ohara, Kyoto University, for critical 
reading of the manuscript. 


References 


1. Van Praagh R, Ongley PA, Swan HJC. Anatomic types of single 
or common ventricle in man, morphologic and geometric aspects 
of 60 necropsied cases. Am J Cardiol 1964;13:367-86. 

2. Lev M, Liberthson RR, Kirkpatrick JR, Eckner FAP, Arcilla RA. 
Single (primitive) ventricle. Circulation 1969:39:577-91. 

3. Anderson RH, Becker AE, Wilkinson JL, Gerlis LM. Morphogenesis 
of univentricular hearts. Br Heart J 1976:38:558-72. 

4. Rahimtoola SH, Ongley PA, Swan HJC. The hemodynamics of 
common (or single) ventricle. Circulation 1966;34:14-—23. 

5. Macartney FJ, Partridge JB, Scott O, Deverall P. Common or 
single ventricle. An angiocardiographic and hemodynamic study 
of 42 patients. Circulation 1976;53:543-54. 

6. Kozuka T, Sato K, Fujino M, Kawashima Y, Nozaki T. Roent- 
genographic diagnosis of single ventricle. Analysis of forty-two 
cases. Am J Roentgenol Ther Nuclear Med 1973;119:512-23. 

7. Dodge HT, Sandler H, Ballew DW, Lord JD. The use of biplane 
angiography for the measurement of left ventricular volume in man. 
Am Heart J 1960;60:762-76. 

8. Shimazaki Y, Kawashima Y, Mori T, Beppu S, Yokota K. Angio- 
graphic method for volume estimation of right ventricle. Re-eval- 
uation of the previous methods. Chest, in press. 

9. Nakazawa M, Marks RA, Isabel-Jones J, Jarmakani JM. Right 
and left ventricular volume characteristics in children with pul- 
monary stenosis and intact ventricular septum. Circulation 
1976;53:884-90. 


10. Arcilla RA, Tsai P, Thilenius O, Ranniger K. Angiographic method 
for volume estimation of right and left ventricles. Chest 1971; 
60:446-54. 

11. Graham TP, Cordell D, Atwood GF, et al. Right ventricular volume 
characteristics before and after palliative and reparative operation 
in tetralogy of Fallot. Circulation 1976;54:417-23. 

12. Lacorte MA, Dick M, Scheer G, LaFarge CG, Fyler DC. Left 
ventricular function in tricuspid atresia. Angiocardiographic analysis 
in 28 patients. Circulation 1975;52:996- 1000. 

13. Thanopoulos BD, Fisher EA, Dubrow IW, Hastreiter AR. Right and 
left ventricular volume characteristics in common atrioventricular 
canal. Circulation 1978;57:991—5. 

14. Jarmakani JMM, Graham TP, Canent RV, Jewett PH. Left heart 
function in children with tetralogy of Fallot before and after palliative 
or corrective surgery. Circulation 1972:46:478-90. 

15. Graham TP, Atwood GF, Boucek RJ, Boerth RC, Nelson JH. Right 
heart volume characteristics in transportation of the great arteries. 
Circulation 1975;51:881-9. 

16. Jones M, Ferrans VJ, Morrow AG, Roberts WC. Ultrastructure of 
crista supraventricularis muscle in patients with congenital heart 
diseases associated with right ventricular outflow tract obstruction. 
Circulation 1975;51:39-67. 

17. Kato M. Right ventricular hypertrophy in tetralogy of Fallot. 
Pathohistologic study. J Jpn Assoc Thorac Surg 1976;24:1436- 
45. 


810 April 1980 The American Journal of CARDIOLOGY Volume 45 


Aberrant Left Subclavian Artery in Tetralogy of Fallot 


GUILLERMO VELASQUEZ, MD 
PISUPATI H. NATH, MD 

WILFRIDO R. CASTANEDA-ZUNIGA, MD 
KURT AMPLATZ, MD 

AUGUSTIN FORMANEK, MD, CSc 


Minneapolis, Minnesota 


From the University of Minnesota Hospitals, De- 
partment of Radiology, Minneapolis, Minnesota. 
Manuscript received September 4, 1979; revised 
manuscript received November 5, 1979, accepted 
November 7, 1979. 

Address for reprints: Augustin Formanek, MD, 
Department of Radiology, University of Minnesota 
Hospitals, 420 Delaware Street S.E., Minneapolis, 
Minnesota 55455. 


The anatomy of the aberrant left subclavian artery in a right-sided aortic 
arch is different in patients with tetralogy of Fallot than in persons with 
a normal heart. In all eight patients with tetralogy of Fallot and aberrant 
left subclavian artery in this series, the left subclavian artery arose directly 
from the distal aortic arch. In contrast, normal persons with right aortic 
arch and aberrant left subclavian artery invariably have an aortic di- 
verticulum from which the left subclavian artery and the left ductus ar- 
teriosus originate. The possible different embryologic events responsible 
for these two forms of aberrant left subclavian artery are discussed. 





Recognition of the type of aortic arch is an important part of radiologic 
evaluation in a patient with suspected congenital heart disease. The 
presence of a right aortic arch associated with a retroesophageal com- - 
ponent, as judged by the posterior indentation on the esophagus in the 
lateral view of the chest X-ray film commonly implies the presence of 
an aberrant subclavian artery and normal intracardiac anatomy. In 
contrast, when a right aortic arch is present without a retroesophageal 
component, mirror-image branching of the brachiocephalic vessels is 
present and congenital heart disease is associated in 98 percent of pa- 
tients.! The majority of such patients have tetralogy of Fallot. 

An aberrant left subclavian artery is rarely present in a patient with 
tetralogy of Fallot. We observed that in such patients the roentgeno- 
graphic pattern of the posterior indentation of the esophagus is different 
from that of patients with a retroesophageal component and normal 
intracardiac anatomy. The purpose of this communication is to elaborate 
on this observation, explaining its anatomic basis and suggesting em- 
bryologic implications. 


Methods 


Patients: Eight patients with tetralogy of Fallot, right aortic arch and aberrant 
left subclavian artery form the basis of this study. All had a complete cardiologic 
examination and angiographic studies. In all the aortic arch and its branches 
were well demonstrated, and the anatomy of these structures could be clearly 
defined. A ductus arteriosus, because of the nature of our study, could be iden- 
tified only if it was patent (Table I). 

In addition, we have included four other patients with right aortic arch and 
aberrant left subclavian artery; in two of these patients there was no evidence 
of heart disease. The remaining two patients had congenital heart disease; one 
had a double outlet right ventricle with a subaortic ventricular septal defect, the 
other had an endocardial cushion defect. 

Review of previously reported cases: Because our material lacked enough 
examples of right aortic arch and an aberrant left subclavian artery in healthy 
individuals or in patients with cardiac defect other than tetralogy of Fallot, we 
used the data and findings from published data! on the details of this type of 
aortic arch. We therefore had information on an additional 121 patients who had 
right aortic arch with an aberrant left subclavian artery. The analysis is hased 
on the reported descriptions, pathologic observations or reproductions of 
roentgenograms (Table II). 
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TABLE | 


Anatomy of the Aberrant Left Subclavian Artery (ALSA) in 16 Reported Cases of Right Aortic Arch 


Associated With Tetralogy of Fallot 


Shallow Posterior Origin of ALSA Aortic Diverticulum Ductus Arteriosus 
Cases Oblique Impression (angiograms or (angiograms or (ligamentum 
References (n) on Esophagus specimens) specimens) arteriosum) 
Present study 8 3° In all 16, directly 2 from ALSA 
Stewart et al.' 1 1 from the left 1 right-sided 
dorsal aspect of Absent in all from aortic arch 
Shuford and 2 2 the upper descend- ? 
Sybers? ing aorta as 
Felson and 1 1 the 4th branch ? 
Palayew? 
Knight and 4 (pathologic specimens) Absent in all 4 
Edwards? 


* In the remaining five children chest radiograms with barium swallow were not obtained. 


Results 


Patients with tetralogy of Fallot: In all eight pa- 
tients with tetralogy of Fallot and aberrant left sub- 
clavian artery the left subclavian artery (Fig. 1) arose 
from the distal portion of the right aortic arch without 
any angiographic evidence of either a dilated proximal 
segment of this artery or a bulbous dilatation of the 
distal aortic arch (the so-called aortic diverticulum). 

In the posteroanterior radiographs of the chest the 
impression of the aberrant vessel is oblique, from right 
to left, and produces an apparent angulation of the 
barium column in the esophagus (Fig. 2 and 3). This 
appearance closely resembled the impression caused by 
an aberrant right subclavian artery on the esophagus 
in patients with a left aortic arch. This feature was seen 
in three of our patients who had chest X-ray films with 
barium swallow. We found in published reports!-? re- 
productions of chest X-ray films and angiograms with 
nro features in an additional four children (Table 
Patients without tetralogy of Fallot: In contrast 
to these patients, the four patients without tetralogy of 
Fallot exhibited the more familiar type of aberrant left 
subclavian artery; that is, the aberrant artery originated 


TABLE Il 


from a bulbous outpouching of the posterior part of the 
arch distal to the origin of the right subclavian artery 
(Fig. 4). This pouch is generally termed an aortic di- 
verticulum, and its diameter is usually large and may 
approximate the diameter of the distal aortic arch. This 
diverticulum produces a deep semicircular indentation 
of a large radius on the esophagus. The large size of the 
aortic diverticulum may even displace the trachea an- 
teriorly (Fig. 5). On the posteroanterior chest X-ray film 
the impression on the barium-filled esophagus is usually 
horizontal. In addition to these four patients, we found 
published data’ on 121 patients with a right aortic 
arch in association with an aberrant left subclavian ar- 
tery that originated from an aortic diverticulum. 

The ductus arteriosus (or ligamentum arteriosum) 
could be identified in only two patients with tetralogy 
of Fallot. It originated from the aberrant left subclavian 
artery opposite to the takeoff of the vertebral artery 
(Fig. 1A and 8C). 


Discussion 


Our observations indicate a difference in the anatomy 
of the right aortic arch with an aberrant origin of the left 
subclavian artery in patients with tetralogy of Fallot and 


Anatomy of Aberrant Left Subclavian Artery (ALSA) in 125 Cases of Right Aortic Arch in a Normal Heart or in Congenital 


Cardiac Defects Other Than Tetralogy of Fallot 


Cases Deep Posterior Transverse 
Reference (n) Impression on Esophagus 
Present study 4 
Stewart et al.' 73 Exact number not stated 
Shuford and 3 2 
Sybers? 
Felson and 33 7 
Palayew? 
Biedermann* 9 7 
ipta er et al.® i Pathologic specimens 


Ductus Arteriosus (or 
ligamentum arteriosum) 
Left-Sided From 
Aortic Diverticulum 


Origin of ALSA From 
Aortic Diverticulum 
(angiograms or specimens) 


3 2 
73 73 
2 ? 
3 1 
9 ? 
1 1 

1 ? 
1 


Wychulis et al.” 1 1 1 
E etre a a nt ee te ee P t AP RR NND 
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FIGURE 1. Angiographic appearance of the aberrant left subclavian artery in tetralogy of Fallot. A, right ventriculogram showing the right aortic 
arch giving off four branches, the last being the aberrant left subclavian artery (black arrow); its origin shows no change in caliber. Opposite the 
origin of the left vertebral artery, the left subclavian artery shows a kink (arrowhead) indicating caudad traction by the left ductal ligament coursing 
toward a large ductus diverticulum (white arrow) arising from the left pulmonary artery. B, thoracic aortogram. The aberrant left subclavian artery 
(arrowhead) is a branch of the descending aorta. There is no outpouching of the aorta at the origin of the left subclavian artery. 





FIGURE 2. Chest radiographs. A, posteroanterior projection. The right aortic arch is evidenced by the position of the esophagus to the right of the 
trachea. An oblique indentation coursing from right to left at approximately 70? is due to the aberrant left subclavian artery (same patient as in Fig. 


1B). B, lateral projection demonstrates the shallow character of the vascular impression (arrow). 
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FIGURE 3. Chest radiographs. A, posteroanterior projection showing a right aortic arch with the heart and pulmonary vasculature within normal 
limits. A mild compression of the esophagus (arrow) is seen at the level of the arch. B, In the lateral projection the posterior location and shallow 
character of the indentation is evident. In this patient the oblique course of the impression is not present because a Blalock-Taussig shunt between 
the aberrant left subclavian artery and the left pulmonary artery changed the originally upward direction of the aberrant left subclavian artery (see 
the postoperative abnormality of the left fourth rib [two arrows] in A). 





FIGURE 4. Angiographic appearance of the aberrant left subclavian artery originating from the aortic diverticulum. A, thoracic aortogram showing 
a right aortic arch. The first branch from the ascending aorta is the left common carotid artery. The left subclavian artery (sa) arises from the descending 
aorta, which at this point forms a diverticulum-like outpouching (black arrow). The direction of the diverticulum is horizontal, and there is a kink 
at the origin of the left subclavian artery; both features are due to the traction by the left ductal ligament. B, retrograde flush brachial arteriogram 
providing an excellent demonstration of the diverticulum-like outpouching of the distal aortic arch (arrowhead) from which the left subclavian artery 
arises (thin arrow). Because of the flush aortogram, the proximal arch is only incompletely filled (large arrow). This patient has a double outlet 
right ventricle (type l). 
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FIGURE 5 (above). Chest radiographs with barium 
swallow in patients with an aortic diverticulum and an 
aberrant left subclavian artery. A, posteroanterior 
projection showing a right aortic arch, increased 
pulmonary vasculature and mild cardiomegaly. A deep 
transverse compression of the esophagus at the level 
of the aortic arch disrupts the column of tne barium 
paste. B, lateral projection. The large radius of the 
esophageal indentation is evident, and the large size 
of the aortic diverticulum is well demonstrated (ar- 
rows). This patient has a double outlet right ventricle 
with a subaortic ventricular septal defect (same pa- 
tient as in Fig. 4B). C, lateral projection. There is a 
deep posterior indentation on the esophagus; the di- 
ameter of the semicircular impression is approxi- 
mately the same as that of the descending aorta. The 
trachea is displaced anteriorly. This patient has à 
normal heart with a right aortic arch and an aberrant 
left subclavian artery from an aortic diverticulum. 


FIGURE 6 (left). Diagrams indicating the various 
embryonic components involved in the development 
of the normal aortic arch. In Figures 6 and 7 the four 
following components and their derivatives are 
marked as follows: fourth aortic (branchial) arch, solid; 
sixth aortic arch, cross-hatched; future dorsal aortic 
roots, stippled; seventh dorsal intersegmental artery 
(future subclavian artery), diagonally hatched. The 
arabic numerals indicate the segments of the original 
dorsal aortas. A, primitive relations. B, the future left 
aortic arch, which is formed by the fourth embryonic 
aortic arch and left dorsal aortic root. The same 
right-sided structures are incorporated in the proximal 
right subclavian artery. C, the definite left aortic 
arch. 


- 


April 1980 The American Journal of CARDIOLOGY Volume 45 815 


ABERRANT LEFT SUBCLAVIAN ARTERY—VELASQUEZ ET AL. 


those without this congenital heart defect. In the latter 
group, the left subclavian artery arises from a bulbous 
outpouching of the aortic arch (the aortic diverticulum) 
(Fig. 4), whereas in patients with tetralogy of Fallot such 
an aortic diverticulum is absent (Fig. 1). 

The ductus arteriosus: The position or the presence 
of the ductus arteriosus (or ligamentum arteriosum) is 
also different in the two types of right aortic arches with 
aberrant left subclavian artery. It is well documented 
that in the overwhelming majority of cases of right 
aortic arch with aberrant left subclavian artery and no 
intracardiac defect there is a left-sided ductus anteri- 
osus. A left ductus was present in 73 of the 74 cases of 
this type of right aortic arch reported by Stewart et al.! 
In the pathologic specimens described by Gruber? and 
Wychulis et al." a left ligamentum arteriosum was 
found. The origin of this ductus arteriosus or the liga- 
mentum arteriosum was, invariably, from the aortic 
diverticulum. 

The situation is entirely different in patients with 
tetraiogy of Fallot. In two of our patients in whom the 
ductus could be indentified, it arose from the left sub- 
clavian artery (Fig. 1A and 8C). In the four pathologic 
specimens of tetralogy of Fallot and aberrant left sub- 
clavian artery described by Knight and Edwards;? the 
ductus arteriosus was absent. The only patient in the 
74 cases of right aortic arch with aberrant left subclavian 
artery reported by Stewart et al. (Fig. 8 in Ref. 1) who 
had a right ductus arteriosus also had a tetralogy of 
Fallot type of defect. 

Normal embryology: All of these findings suggest 
that there must be a fundamental difference in the 
embryology of the aberrant left subclavian artery in 
patients with tetralogy of Fallot compared with that in 
patients with either a normal heart or intracardiac de- 
fects other than tetralogy of Fallot. An understanding 
of the development of a “normal” aortic arch and its 
branches is in order. 

The paired dorsal aortas with their intersegmental 
branches as well as the primitive fourth and sixth aortic 
(branchial) arches are important for the development 
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of the definite aortic arch and the subclavian arteries 
(Fig. 6A). The dorsal intersegmental arteries, which 
supply blood to the spinal cord and developing somites, 
subdivide the dorsal aorta into segments. The seventh 
intersegmental arteries persist and enlarge to form the 
future subclavian arteries. During the 2nd fetal month 
the heart migrates caudally with respect to the axial 
skeleton and the subclavian artery elongates and at the 
same time its origin from the dorsal aorta moves more 
and more cephalad.? 

The dorsal aortas fuse to form the descending aorta 
but only from the ninth segment caudally. The cranial 
parts of the dorsal aortas with the first eight segments 
do not fuse, and they are designated the dorsal aortic 
roots (Fig. 6A). The fate of these roots is different ac- 
cording to their lateralization. On the left side, the third 
through seventh segments together with the fourth 
embryonic aortic arch will form the persisting left aortic 
arch. The eighth segment will form the connecting link 
between this arch and the descending aorta. Conse- 
quently, the left subclavian artery will originate from 
the arch between the seventh and eighth segments (Fig. 
6B). 

On the right side, the right fourth aortic (branchial) 
arch and the third through seventh segments of the 
right dorsal aortic root will form the proximal part of the 
subclavian artery, that is, only the short segment be- 
tween the right innominate (brachiocephalic) artery and 
the origin of the right vertebral artery. The eighth and 
occasionally the ninth segments degenerate and dis- 
appear in embryos longer than 20 mm in length?; 
therefore, a persisting right aortic arch normally does 
not exist (Fig. 6C). The ductus arteriosus derives from 
the dorsal portion of the left sixth aortic arch and joins 
the left dorsal aortic root at about the fourth segment? 
(Fig. 6, A and B). 

Embryology in right aortic arch: If a right instead 
of a left aortic arch should persist (the reasons for this 
are not clearly understood), the events will be exactly 
the opposite. The right fourth aortic arch and right 
dorsal aortic root will remain as the right aortic arch. 
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FIGURE 7. The embryonic components of right aortic arch and aberrant left subclavian artery. A, left subclavian artery arising from an aortic di- 
verticulum. The ductus arteriosus is also connected to the diverticulum. The left dorsal aortic root forms the ductus diverticulum. The fourth left 
aortic arch has regressed completely. B, aberrant left subclavian artery associated with tetralogy of Fallot. There is no aortic diverticulum. If a left-sided 
ductus arteriosus is absent the only remnant from the left dorsal aortic root is its eighth segment (densely stippled), forming the proximal segment 
of the left subclavian artery. If a left ductus arteriosus is present, it is connected to the left subclavian artery by the condensed third to seventh segments 


of the left dorsal aortic root (lightly stippled). 


816 April 1980 The American Journal of CARDIOLOGY Volume 45 


The left fourth aortic arch and part of the left dorsal 
aortic root will form the proximal left subclavian artery; 
the eighth segment of the left dorsal aortic root will 
disappear. The descending aorta will be to the right of 
the mid line. However, the ductus arteriosus in the ov- 
erwhelming majority of cases of right aortic arch will be 
a left-sided structure'?; that is, it will develop from the 
left sixth aortic arch. 

Embryology in aberrant left subclavian artery: 
In both types of right aortic arch with aberrant left 
subclavian artery under discussion, there is an involu- 
tion of the embryonic fourth left aortic arch. However, 
because of different fetal circulation, the development 
of the left dorsal aortic root will follow a different pat- 
tern in each of the two types (Fig. 7). 

In patients with aberrant left subclavian artery 
arising from an aortic diverticulum (Fig. 7A), there is 
no obstruction to blood flow to the lungs during fetal 
life; hence, the ductus arteriosus is essential for the 
normal fetal circulation. Because of a left-sided ductus 
arteriosus, the pulmonary flow is carried through the 
left dorsal aortic root which has to persist and will retain 
the size of an aortic arch. The aortic diverticulum rep- 
resents this persisting left dorsal aortic root, including 
probably the third through eighth segments. This in- 
ference is based on the finding that the ductus arteriosus 
arises from the aortic diverticulum and is connected to 
the dorsal aortic root, usually at about its fourth seg- 
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ment.2 The left subclavian artery also takes its origin 
from the aortic diverticulum directly and, because the 
left subclavian artery is derived from the seventh in- 
tersegmental artery, the dorsal aortic root must incor- 
porate all its intervening segments. Thus, in brief, before 
involution of the left fourth aortic arch, the left dorsal 
aorta received normal blood flow and developed well, 
a course reflected in the size of the aortic divertic- 
ulum. | 
Role of ductus arteriosus: In patients with tetrology 
of Fallot and an aberrant left subclavian artery (Ref 1 
and 8 and current study group) with right aortic arch 
(Fig. 7B), the role of the ductus arteriosus is much less 
important and its position is variable. The ductus ar- 
teriosus may be absent in some cases.? In these patients, 
the third to seventh segment of the left dorsal aortic root 
undergoes regression and, because the aberrant left 
subclavian artery arises from the aortic arch just below 
the origin of the right subclavian artery, the more 
proximal portion of the left subclavian artery is formed 
by the persisting eighth segment of the left dorsal aorta. 
The distal part of the left subclavian artery is formed, 
as usual, from the left seventh dorsal intersegmental 
artery. A similar situation occurs if a right-sided ductus 
arteriosus is connected to the right aortic arch; there- 
fore, a left dorsal aortic root is not necessary for its de- 
velopment. In patients with left-sided ductus arteriosus, 
the left dorsal aortic root must persist because, as 





FIGURE 8. A case of atypical origin of the aberrant subclavian artery. A, aortogram. The first branch from the right aortic arch is the left common 
carotid artery (black arrowhead). A large tortuous vessel arising from the descending aorta at the level of the fifth thoracic vertebra courses cephalad 
(white arrow). B, right ventriculogram. The tortuous artery reaches the level of the first left rib (white arrow) where it gives off the left vertebral 


artery (horizontal small arrow), indicating that it represents the proxima 


| segment of the aberrant left subclavian artery. The left common carotid 


artery, the first branch of the right aortic arch, is again well demonstrated (black arrowhead). C, right ventriculogram, later phase. The peripheral 
continuation of the tortuous artery is a typical left subclavian artery (white arrow) above the first left rib. A large ductus arteriosus (large black 
arrow at top) originates from the subclavian artery opposite to the origin of the left vertebral artery (small black arrow). The pulmonary arteries 
are now opacified (curved black arrows). This patient has tetralogy of Fallot with atresia of the pulmonary valve, a right aortic arch, aberrant, left 
subclavian artery originating from the descending aorta at the level of the fifth thoracic vertebra, and a left ductus arteriosus from the left subclavian 


artery. 
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mentioned earlier, the sixth embryonic aortic arch—the 
future ductus arteriosus—joins the left dorsal aortic root 
at about its fourth segment. The blood flow through the 
ductus arteriosus is less than that in a normal situation 
because of obstruction to the pulmonary blood flow. The 
left dorsal aortic root incorporated into the proximal 
aberrant left subclavian artery therefore remains small. 
The first portion of the aberrant left subclavian artery 
again will be formed by the eighth segment of the left 
dorsal aortic root. The left ductus arteriosus will arise 
at the junction of the left dorsal aortic root and the left 
dorsal intersegmental artery. This junction is located 
at the left subclavian artery very close to the vertebral 
artery. To recapitulate briefly: In tetralogy of Fallot the 
flow through the ductus arteriosus is diminished or a 
ductus arteriosus does not develop; therefore, the left 
dorsal aortic root regresses completely or remains small 
and there is thus no diverticulum-like origin of the ab- 
errant left subclavian artery. 

Atypical origin of aberrant left subclavian ar- 
tery: We believe that we have evidence supporting the 
possibility of the origin of the proximal segment of the 
aberrant left subclavian artery from a structure other 
than the seventh left intersegmental artery. [In one of 
our patients with tetralogy of Fallot and right aortic 
arch, the aberrant left subclavian artery originated from 
the right descending aorta at the level of the fifth tho- 
racic vertebra (Fig. 8A). This vessel was not an enlarged 
bronchial artery because: (1) it ascends cranially above 
the first left rib where it continues as a typical subcla- 


vian artery, and (2) a ductus arteriosus toward the left 
pulmonary artery arises at the point of the junction of 
this artery with the distal segment of the subclavian 
artery (Fig. 8C). The distal segment of this subclavian 
artery must have its embryonic origin from the usual 
seventh dorsal intersegmental artery because (1) its 
course is cephalic to the first rib, and (2) the vertebral 
artery passes through the vertebral foramen of the sixth 
cervical vertebra (Fig. 8, B and C).9 

The very low origin of this proximal segment and its 
length indicate that some of the segments of the left 
dorsal aorta caudal to the seventh segment did not fuse 
with the right dorsal counterparts but persisted as the 
proximal subclavian artery. The fusion of the dorsal 
aortae must have taken place distal to the origin of this 
aberrant left subclavian artery. 

Diagnostic implications: If our interpretations are 
correct, the following diagnostic implications can be 
drawn. Patients with a right aortic arch and a large 
transverse posterior indentation on the esophagus have 
no associated congenital heart defects. If congenital 
heart disease is present it is by mere coincidence, and 
the incidence is not greater than in patients with a left 
aortic arch. However, this associated inborn cardiac 
defect is not tetralogy of Fallot; it is usually a condition 
with increased pulmonary blood flow. Patients with a 
right aortic arch and only a very shallow and usually 
obliquely running indentation on the esophagus very 
probably will have a congenital heart defect of the te- 
tralogy of Fallot type. 
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A prospective randomized study comparing intensive medical therapy with urgent coronary bypass surgery for the 
acute management of patients with unstable angina pectoris was carried out by nine cooperating medical centers 
under the auspices of the National Heart, Lung, and Blood Institute. Between 1972 and 1976, a total of 288 patients 
were entered into the study; 79 of these (27 percent of the total study group) with 70 percent or more fixed obstruction 
in one or more coronary arteries had episodes of pain at rest associated with transient S-T segment elevation. Forty-two 
were randomized to medical and 37 to surgical therapy. The hospital mortality rate was 4.8 percent for the medical 
and 5.4 percent for the surgical group (difference not significant). The rate of in-hospital myocardial infarction was 
12 percent in the medical and 14 percent in the surgical group (difference not significant). 
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During the 1st and 2nd years of follow-up, 25 percent in the medical and 15 percent in the surgical group complained 
of New York Heart Association class III or IV angina (difference not significant). During an average follow-up period 
of 42 months 45 percent of the medically treated patients later underwent surgery to relieve unacceptable angina. 
In the medical group 65 percent were working full- or part-time at the end of 1 year and 61 percent at the end of 2 
years of follow-up; comparable figures for the surgically treated group were 63 and 68 percent. 

The results indicate that patients with unstable angina pectoris with transient S-T segment elevation during pain 
at rest with fixed obstruction of 70 percent or more in one or more coronary arteries do not differ significantly from 
patients with pain at rest associated with transient S-T segment depression or T wave inversion. The condition of such 
patients can be stabilized, and they can be managed with a maximal medical program including propranolol and 
long-acting nitrates in pharmacologic doses with good control of pain in most and no increase in rate of early mortality 
or myocardial infarction. Later, elective surgery can be performed with a lower risk and good clinical results if the 
patient's angina fails to respond to intensive medical therapy. 


In 1972 a national cooperative randomized study under 
the auspices of the National Heart, Lung, and Blood 
Institute was begun to compare the effectiveness of 
urgent coronary bypass surgery with that of medical 
therapy for patients hospitalized with unstable angina 
pectoris. Patient intake was completed in December 
19776, resulting in 288 patients available for study and 
follow-up. The Cooperative Study Group has recently 
reported on the in-hospital.and late mortality and 
morbidity of all study patients.? The groups randomized 
to medical or surgical therapy had comparable clinical, 
electrocardiographic, angiographic and hemodynamic 
characteristics. During initial hospitalization the overall 
mortality rate was 3 percent for the medical group of 147 
patients, and 5 percent for the surgical group of 141 
patients. In the last 4 years of patient recruitment the 
in-hospital surgical mortality rate decreased to 3 per- 
cent; the comparable medical mortality rate was ? 
percent. During initial hospitalization the rate of non- 
fatal myocardial infarction was 8 percent for the medical 
and 17 percent for the surgical group; in the last 3 years 
of the study, it was 10 percent for the medical and 13 
percent for the sur: ‘cal group. There was no difference 
in the rate of late mortality or myocardial infarction 
analyzed according to the initial assignment to medical 
or surgical therapy. After discharge from the hospital, 
angina pectoris, New York Heart Association? class III 
and IV, was significantly more common in the medical 
than in the surgical group. 

Because of the overall similarity of in-hospital results 
in the two groups of patients we were interested in de- 
termining whether a subgroup with documented S-T 
segment elevation during episodes of pain at rest might 
have responded differently to medical therapy or to 
urgent coronary bypass surgery. This question seemed 
particularly important because of conflicting reports 
regarding the indications for early coronary bypass 
surgery in such patients.4-7 The cooperative study 
provides a unique opportunity for answering this 
question. In the past, the diagnosis of patients pre- 
senting with unstable angina with S-T segment eleva- 
tion has been given a wide variety of terms including 
“variant” and Prinzmetal's angina.?? 

Seventy-nine patients with 70 percent or greater fixed 
obstruction in one or more coronary arteries who had 
one or more episodes of documented transient S-T 


- 


segment elevation of 2 mm or more during pain at rest 
were randomized to either medical or surgical therapy 
according to the details of the protocol previously de- 
scribed.! These patients form the basis of this report. 


Methods 


Study patients: The protocol and patient population have 
previously been described in detail.^? In brief, the study group 
was composed of 288 patients under the age of 70 years who 
were hospitalized because of unstable angina pectoris, had 
recorded transient ST-T wave changes during chest pain and 
had agreed to participate in the study. To be included in the 
study the patient had to have narrowing of 70 percent or more 
of the luminal diameter of one of more coronary arteries as 
demonstrated by selective coronary arteriography performed 
within 72 hours of admission to the study hospital. Provoca- 
tive testing for coronary spasm was not used. Patients with 
greater than 50 percent luminal narrowing of the left main 
coronary artery were excluded, as were those with a left ven- 
tricular ejection fraction of 30 percent or less. Patients were 
then randomized to medical (147 patients) or surgical (141 
patients) therapy. Seventy-nine patients (27 percent) of the 
total of 288 met the criteria of transient S-T segment eleva- 
tion, defined as 2 mm or more elevation in one or more stan- 
dard electrocardiographic leads (apart from aVR) during pain 
at rest. Coronary bypass surgery was to have been completed 
within 8 days of hospitalization. Follow-up consisted of 
evaluation every 3 months for 1 year and at 6 month intervals 
thereafter. 

Data analysis: Primary end points for the study were in- 
hospital and late mortality and myocardial infarction. Sec- 
ondary end points included severity of angina pectoris and 
work status. For analysis of the end points of angina and 
myocardial infarction the medical group includes all patients 
up to the point of later surgery. To avoid consideration of 
patients at more than one end point, only the data from pa- 
tients with a nonfatal myocardial infarction were analyzed. 
These patients were defined as those who survived at least 30 
days after infarction. The data from any patient who died 
within 30 days of myocardial infarction were considered only 
in analysis of mortality rates. During the recruitment period 
in-hospital and follow-up data were monitored by a Policy 
Board of the National Heart, Lung, and Blood Institute to 
ensure ethical treatment of both groups. 

Statistical analysis: The data were processed and exam- 
ined statisticaliy using the Statistical Package for the Social 
Sciences Analysis Programs and an IBM 370-168 computer. 
Statistical methods included use of Student's t test!? to ex- 
amine the comparability of the two randomized groups with 
regard to continuous background variables such as age and 
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TABLE ! 
Patient Characteristics 
Medical Group Surgical Group 
(42 patients) (37 patients) 
n 96 n 96 
Age (yr) 
Mean 52.1 — 52.8 — 
Range 39-68 — 19-67 
Sex (male) 39 93 33 89 
Previous MI 10 24 6 16 
Previous stable angina 23 55 22 60 
Mean BP (mm Hg) on 130/85 — 130/85 — 
admission 
Abnormal pain-free ECG 20 48 25 68 
Site of S-T elevation, 
Inferior leads 20 48 15 41 
Anterolateral leads 20 48 22 59 
Monitor lead 2 4 0 — 
Coronary angiogram 
1 Vessel disease 11 26 12 32 
2 Vessel disease 15 36 11 30 
3 Vessel disease 16 38 14 38 
Ejection fraction (96) 
30-49 12 29 11 30 
=50 24 57 23 62 
Unknown 6 14 3 8 


BP = blood pressure; ECG = electrocardiogram; MI = myocardial 
infarction. 


blood pressure. Fisher’s exact test!! was used to test for di- 
chotomous background variables. The exact test was also used 
to examine differences in in-hospital outcomes and outcomes 
at 1 year and 2 years of follow-up since all patients in these 
comparisons were exposed equally. When patients in the 
comparison had been exposed for unequal lengths of time, 
survival curves were compared using the BMDPIL Statistical 
Program.!2 Because of the small sample sizes available the 
comparison of the experience of medical patients with that 
of surgical patients may be relatively imprecise. Nevertheless, 
by using the Gaussian approximation to the binomial distri- 
bution one can compute approximate confidence limits for the 
observed differences. The 95 percent confidence interval is 
10 percent for the difference in death rates and 16 percent for 
the difference in rates of myocardial infarction. We can 
therefore be relatively certain that differences larger than 
these would have been detected by our study. 


Results 


Clinical characteristics of two groups: There were 
79 patients (27 percent of the total study group) with 
documented S-T segment elevation during chest pain 
at rest. Of these, 42 were randomized to intensive 
medical therapy and 37 to urgent coronary bypass sur- 
gery. Table I demonstrates the comparability of the two 
treatment groups. There was no statistical difference 
between the clinical characteristics of the 79 patients 
with S- T segment elevation and those of the 209 pa- 
tients whose chest pain was associated with S-T seg- 
ment depression or T wave change. Coronary arteriog- 
raphy was performed within an average of 3.3 days of 
hospitalization in the medical group and within 2.8 days 
in the surgical group. The mean time from hospital 
admission to coronary bypass surgery was 7 days. 
Medical therapy was maintained up to the time of op- 
eration in the surgical group. 
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TABLE Il 
Summary of Deaths 
Months 
After 
Angiography Cause of Death 
Medical group 
(3 of 42; 796)* 
In-hospital 0 Myocardial infarction 
In-hospital 2 Cancer of bowel! 
After discharge 0.5 Myocardial infarction 
Surgical group 
(6 of 37; 1696)* 
In-hospital 0 At operation 
In-hospital 0 At operation 
After discharge 3 Sudden 
After discharge 3 Myocardial infarction 
After discharge 9 Suicide 
After discharge 56 Brain tumort 


* Statistical significance, p = 0.18. 
t Unknown at time of randomization. 


Mortality: Death occurred during hospitalization in 
two medically treated and two surgically treated pa- 
tients (Table II). After hospital discharge one more 
death occurred in the medical group at 14 days. Four 
more deaths occurred in the surgical group at 3, 3, 9 and 
56 months, respectively, after hospital discharge. The 
causes of death in the medically and surgically treated 
patients are listed in Table II. Thus, the overall in- 
hospital and late mortality rate was 7 percent for the 
medical and 16 percent for the surgical group at a mean 
follow-up time of 42 months. This difference is not 
statistically significant (p = 0.18). These data are 
comparable with the in-hospital and late mortality rates 
at the same time interval of 11 percent in the medical 
and 10 percent in the surgical group with S- T segment 
depression or T wave change; the difference is not sta- 
tistically significant for the two medical and two surgical 
groups. 

Myocardial infarction rate: Myocardial infarction 
occurred in 6 (14 percent) medically treated and 10 (27 
percent) surgically treated patients during a mean fol- 
low-up period of 42 months. In the medical group five 
patients (12 percent) had an infarction during hospi- 
talization, and four of these had a subsequent infarction 
after hospital discharge. An additional patient had an 
infarction only after discharge. In the surgical group five 
patients (14 percent) had an infarction during hospi- 
talization; one of these had a second infarction after 
discharge. Five additional patients had an infarction 
only after discharge. These data are comparable with 
the in-hospital infarction rate of 7 percent for the 
medically treated and 15 percent for the surgically 
treated patients who had S- T segment depression or T 
wave change during pain. 

Angina pectoris: The incidence of severe angina 
pectoris was comparable in the 1st and 2nd years of 
follow-up. Ten (25 percent) of 40 patients in the medical 
group and 5 (15 percent) of 34 in the surgical group 
complained of class III or IV angina pectoris during any 
follow-up examination during the first 2 years (Fig. 1). 
This difference is not statistically significant. In con- 
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[LC] Medical 
Surgical 


Angina, Class III or IV. 





Year | Year Il 


FIGURE 1. Incidence of class Ill or IV angina pectoris (New York Heart 
Association classification) in the medical and surgical groups at any 
follow-up interval during years 1 and 2 after hospital discharge. 


trast, 41 (40 percent) of 101 medically treated patients 
with S- T segment depression or T wave inversion had 
class III or IV angina during the same follow-up period 
and 10 (10 percent) of 97 surgically treated patients had 
also complained of severe angina during the same fol- 
low-up period. 

Return to work: To determine whether either 
treatment group was more able to work after hospital 
discharge we compared the number of patients working 
either full- or part-time during the 1st and 2nd years of 
follow-up (Fig. 2); there was no statistical difference 
between the two groups. Sixty-five percent of the 
medical group were at work at the end of year 1 and 61 
percent at the end of year 2 of follow-up. Comparable 
figures for the surgical group were 63 and 68 percent. In 
contrast, among the patients with S-T segment de- 
pression or T wave change 54 percent of the medical 
group were working at 12 months and 53 percent at 24 
months; among the surgical group the figures were 58 
and 57 percent, respectively. 

Subsequent bypass surgery: During a mean fol- 
low-up period of 42 months, 19 (45 percent) of the 42 
patients with S-T segment elevation who were initially 
treated medically later underwent operation because 
of unacceptable angina pectoris. One medically treated 
patient was operated on during the initial hospitaliza- 
tion. After discharge, 18 of the medically treated pa- 
tients underwent coronary bypass surgery: 1 from 3 to 
6 months, 4 from 6 to 12 months, 10 from 12 to 24 
months, 2 from 24 to 36 months and 1 after 36 months 
of follow-up study. These data are comparable with 
those of the 105 medical patients with S-T segment 
depression or T wave change, 38 (36 percent) of whom 
later underwent operation because of continuing an- 
gina. 


Of the 19 medically treated patients with S-T seg- | 


ment elevation who were later operated on for unac- 
ceptable angina pectoris, 1 died at operation; there were 
no later deaths. Myocardial infarction developed in two 
patients perioperatively and in one patient after hos- 
pital discharge. 


: Discussion 


In 1959, Prinzmetal et al.9 described a variant of an- 
gina pectoris characterized by spontaneous chest pain 
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FIGURE 2. Number and percent of medically and surgically treated 
patients in full- or part-time employment during years 1 and 2 after 
hospital discharge. 


associated with S-T segment elevation that resolved as 
the pain disappeared. One of the three initial patients 
died and was found to have severe occlusive coronary 
artery disease at autopsy. Prinzmetal et al. therefore 
proposed that focal transient spasm was occurring in the 
areas of occlusive atherosclerotic coronary disease 
leading to episodes of pain at rest and S-T segment el- 
evation. Subsequently, with the advent of coronary 
arteriography a wide variety of coronary arteriographic 
findings have been reported in patients with angina and 
S-T segment elevation ranging from apparently normal 
vessels to severe degrees of occlusive disease. 3-17 
Previous studies on urgent surgical therapy: As 
it became clear that aortocoronary saphenous vein by- 
pass grafting could result in significant relief of pain in 
patients with stable angina pectoris due to occlusive 
coronary artery disease,!? it was postulated that urgent 
operation might protect the patient with chest pain and 
S-T segment elevation against myocardial infarction or 
sudden death. In an early study Silverman and Flamm^ 
reported on three patients with variant angina who died, 
two while receiving medical therapy and one after cor- 
onary bypass surgery. They emphasized a serious 
prognosis for patients with this type of angina. 
MacAlpin et al.,? who reported on an uncontrolled 
series of 20 patients with Prinzmetal's angina, 9 of whom 
underwent coronary bypass surgery, documented 
variable results and recommended that surgery be re- 
served for the patient with incapacitating angina whose 
pain was refractory to medical treatment. Gaasch et al.,8 
reviewed 6 of their own cases and 18 reported by others 
as of May 1974. Only 9 (29 percent) of the 24 patients 
were pain-free after operation and 3 (12 percent) died 
perioperatively. They pointed out that coronary bypass 
surgery was less successful in long-term relief of pain in 
patients who had demonstrated S-T segment elevation 
with pain and spasm during coronary arteriography. 
Shubrooks et al.,? in a study of 20 patients with un- 
stable angina pectoris and recurrent angina at rest with 
transient S- T segment elevation during pain, reported 
that of 17 patients with proved occlusive coronary artery 
disease, 15 underwent surgery and 1 of these died. There 
was complete relief of pain in all 14 survivors at a mean 


. — 


follow-up interval of 17 months. They therefore sug- 
gested that all patients with unstable angina pectoris 
associated with S- T segment elevation be studied with 
coronary arteriography and that coronary artery bypass 
surgery yielded excellent results in those with significant 
occlusive lesions. 

Prognosis of medically treated patients: The 4.8 
percent in-hospital and 2.4 percent post-discharge 
mortality rates in our 42 medically treated patients 
followed up for an average of 42 months indicates a 
better prognosis than previously suspected. However, 
it is likely that a more aggressive medical therapeutic 
approach has contributed to the improved prognosis. 
The latter may also partially reflect our criteria for 
randomization, which excluded patients with left main 
coronary artery disease, a left ventricular ejection 
fraction of 30 percent or less or inoperable coronary 
disease, those who failed to respond to urgent early 
medical treatment* as well as patients with coronary 
spasm in the absence of fixed occlusive lesions. 

Late surgery for persistent angina (crossover 
from medical to surgical therapy): The interpreta- 
tion of follow-up data on the frequency of late morbidity 
and mortality after hospital discharge is complicated 
by the 45 percent of medical patients requiring later 
surgery. This later surgical rate reflects the severity of 
unacceptable stable angina pectoris in the medical 
group. However, there was a lower incidence rate of class 
III or IV angina pectoris at any follow-up interval in 
years 1 or 2 in the medically treated patients with S-T 
segment elevation (25 percent) than in the medically 
treated patients with S-T segment depression or T wave 
change (40 percent). This difference is statistically 
significant (p = 0.06) and suggests that continuing an- 
gina pectoris in patients with S-T segment elevation 
might respond better to intensive medical therapy, 
possibly as a result of the relief of the associated spasm. 
Thus, no definite conclusions regarding the long-term 
effects of the exclusive use of medical therapy is possible 


* Medical treatment was in all instances given in full therapeutic 
dosages. An early medical failure was defined as persistent pain at rest, 
particularly if associated with a blood pressure of less than 110 mm 
Hg and a pulse rate of 60/min or less during treatment with propranolol, 
nitrites and nitrates. No patient was taken to early surgery on the basis 
of continued pain because of insufficient medical therapy. To the best 
of our knowledge no patients were eliminated because of ‘‘failure to 
respond." Furthermore, some 85 percent of the patients continued to 
have episodes of pain at rest after admission to a Coronary Care or in- 
tensive care unit. Thus, the trial can under no circumstances be con- 
sidered a randomization of medical successes alone. These points have 
already been dealt with in detail in our two previous reports. !? 
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at this time. A detailed discussion of the problem of the 
interpretation of crossover data has previously been 
presented.” 

Persistent postoperative angina: The small inci- 
dence of angina pectoris in the surgical group is com- 
parable with results of surgical therapy in patients with 
stable angina pectoris and indicates that coronary by- 
pass grafting can reduce disability from severe angina.!? 
Even so, 15 percent of the surgical group continued to 
have severe angina at any follow-up interval during 
years 1 and 2. Thus, the frequency is similar to the 10 
percent incidence rate of class III or IV angina in sur- 
gically treated patients with S-T segment depression 
or T wave changes (difference not significant). In ad- 
dition, the numbers of patients working full- or part- 
time were similar in medically or surgically treated 
groups irrespective of whether they presented initially 
with S-T segment elevation or depression during epi- 
sodes of pain. 

Implications: The results of the study therefore 
permit a rational conclusion about the acute manage- 
ment of patients with unstable angina pectoris associ- 
ated with S-T segment elevation during episodes of 
pain. The condition of these patients can be stabilized 
and they can be managed with a maximal medical pro- 
gram consisting of nitrites, long-acting nitrates and 
propranolol in dosages that achieve therapeutic control 
of blood pressure and pulse rate. Medical therapy is 
successful in most although occasionally a patient may 
react adversely to propranolol. Later, if intensive 
medical therapy has failed, the patient can undergo 
more elective surgery with no increase in risk over that 
of patients who received early urgent surgery. Patients 
who are already on an intensive medical program when 
unstable angina pectoris develops in association with 
S.T segment elevation during pain should be considered 
for early bypass surgery if they have suitable coronary 
anatomy and left ventricular function as demonstrated 
by cardiac catheterization studies. 

Thus, the subset of patients with angina pectoris and 
S-T segment elevation during episodes of pain should 
be treated in the same way as those whose unstable 
angina pectoris is associated with S-T depression or T 
wave changes during episodes of pain. These conclu- 
sions apply only to patients with angina at rest and S-T 
segment elevation during pain associated with fixed 
obstruction of the coronary arteries. They are not nec- 
essarily applicable to those whose S-T elevation occurs 
in association with minimal or absent coronary ob- 
structive disease when spasm of the coronary arteries 
appears to be the cause.!? 
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Take a close look at Compu-Scan 
The future in Holter Technology 


[he inaccuracy of first and 
second generation Holter 
-ctopic Counters is legend. 
[These analog-based voltage 
measurements have proven so 
naccurate in fact that most 
users preferred to disbelieve the 
ectopic counters and count on 
their own visual identification of 
abnormal beats. 


But now there's Compu-scan 


... the eye that never looks away. 


A new generation in Holter 
systems, Compu-scan utilizes 
a microcomputer to build in 
memory an average or typical 
complex for each patient. 

The "normal" is constantly up- 
dated as the patient's activity 
changes. In microseconas, 
the computer makes all of the 
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calculations on each new 
QRS complex that the human 
mind would take minutes to 
determine. It's a quantum 
leap ahead in ectopic beat 
recognition . .. both in speed 
and accuracy. 


e Only Compu-scan can scan 
tapes produced on virtually 
any Holter recorder, cassette, 
reel to reel, direct recording 
or FM. 


e The large 15" monitor 
provides over a minute of 
ECG on the screen at one 
time, plus up to 512 seconds 
in memory. 


e Complete summary reports 
and graphics are produced 
on Compu-scan's high speed 
line printer while summary 
graphs and reports are 
displayed in color on the 
Color-graphics display. 


Compu-scan ... the eye 
that never looks away 






e Modular in design, Compu- 
scan can be incorporated 
into your facility a step al 
a time as your needs dictate. 
Take a close look at Compu- 
scan and you'll see the futur 
in Holter technology. 
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Thanks to a CyberLith™ 
pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school’s 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie’s pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don’t 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie’s CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers hecome 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic. symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) sv mptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 
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Now in book form...the latest 
Update Your Medicine lectures. 





UPDATE /2 


Edited by LILA A. WALLIS, MD, FACP 





Helps you keep up with the 
new advances in your 
specialty in the comfort of 
your home or office. 





Just published 
with all new material—specialties expanded. 


The series CORNELL MEDICAL UPDATE breaks all medical 
book tradition with its workbook format that gives practicing 
physicians a quick overview of the latest advances in their 
Speciality. It transcribes into book form the Update Your Medi- 
cine lectures sponsored by New York Hospital-Cornell Medical. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice. 

The new approach of the first volume was SO well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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Artist's conception, based on changes in pulmonary angiography following Breokinase infusion! 


NEW 


BREORINASE | 


urokinase 


for injection 





NEW 
BREORINASE 


(urokinase) 


for injection 


Rapid and effective dissolution 
of pulmonary emboli. 





3 Proven by controlled clinical studies: 


33 More rapid and effective than heparin 
alone during the first 24 hours after 
start of therapy? 


1. Sasahara AA, Hyers TM, Cole CM, et al: The urokinase pulmonary embolism trial. Circulation (Suppl I) 47:1-108, 1973. 
2. Fratantoni JC, Ness P, Simon TL: Thrombolytic therapy: Current status. N Eng J Med 293:1073-1078, 1975. 


Please see prescribing information on last page of this advertisement. It is important to pay close 
attention to WARNINGS and CONTRAINDICATIONS sections to minimize the risk of bleeding. 


New Breokinase is highly purified 
human protein. 


™ Lower incidence of fever?*^* 


93 Can be used effectively in patients with 
recent streptococcal infections or _ 
high titers of streptococcal antibodies. 


™ Less risk of allergic reactions 
than streptokinase.t 


Now urokinase therapy at lower cost 


93 Offers substantial savings to both 
hospital and patient. 


™ Convenient. Ask your Breon representative 
for a list of depots. There is one near you. 


“Febrile episodes occurred in about 2-3% of urokinase-treated patients. A causal relationship to 
urokinase has not been established. 

Tin vitro and intradermal tests gave no evidence of induced antibody formation. However, the possi- 
bility of serious allergic reactions occurring cannot be excluded. There have been rare reports of 
relatively mild allergic reactions such as bronchospasm and rash. 

3. Sasahara AA, Bell WR, Simon TL, Stengle JM, Sherry S: The phase II urokinase-streptokinase 

pulmonary embolism trial. Thrombos Diathes Haemorrh (Stuttg) 33:464-476, 1975. 


` . 4. Urokinase pulmonary embolism trial study group: Urokinase-streptokinase embolism trial. JAMA 


229: 1606-1613, 1974. 












































octor: Before prescribing or administering 
reokinase® (urokinase for injection) please read the 
blowing product information. 


3REORINASE 
rokinase) for injection 


reokinase (urokinase for injection) should be used 
ly by physicians with adequate experience in the 
anagement of thrombotic disease in hospitals where 
bcessary clinical and laboratory monitoring can be 
erformed (see Warnings, Precautions and Dosage and 
dministration). 
The physician should carefully assess the overall 
inical status and history of the patient before 
aginning urokinase treatment. Urokinase produces 
ore profound chánges in hemostasis and a greater 
pquency of bleeding than heparin or oral coumarin 
ticcagulant therapy. Bleeding when it occurs is more 
avere and more difficult to manage. Such factors as 
ationt's age, physical condition, and underlying bleed- 
g tendency (as described under Warnings and Pre- 
hutions) should be taken into consideration when the 
otential risk of serious hemorrhage is weighed against 
e potential benefits of urokinase treatment. 
dications 
em is indicated for the thrombolytic treat- 
ent of: 
acute massive pulmonary embolism, defined as ob- 
Struction or significant filling defects involving two or 
more. lobar pulmonary arteries or an equivalent 
amount of emboli in other vessels, as seen on pul- 
monary arteriography; 
pulmonary embolism accompanied by unstable 
hemodynamics, ie. inability to maintain blood 
pressure without supportive measures. 
The diagnosis of pulmonary embolism should be 
pnfirmed by objective means, preferably pulmonary 
eriography. 
Urokinase treatment should be started as soon as 
ssible after diagnosis of pulmonary embolism, but 
o later than five days after onset. Underthese circum- 
ances, angiographic and hemodynamic measure- 
ents and perfusion lung scans demonstrate a more 
ipid improvement during the first 24 hours after initia- 
on of therapy than with heparin therapy. However, 
has not been established that urokinase treatment 
ecreases morbidity or mortality compared to heparin 
erapy alone. 


ontraindications 


hrombolytic therapy increases the risk of bleeding. 
he risk of hemorrhage in the conditions listed below 
ould be weighed carefully against the anticipated 
enefits of urokinase therapy in each patient. The 
onefits and risks associated with urokinase therapy 
ould. be compared to the benefits and risks asso- 
ated with other forms of treatment. 


t. Surgical procedures within preceding ten days (in- ' 


cluding liver or kidney biopsy, lumbar puncture, 
thoracentesis, paracentesis, extensive or multiple 

' cutdowns). 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days post-partum, 

, Actively bleeding lesion of the gastrointestinal or 
genitourinary tract, or a condition with significant 
potential for bleeding (including ulcerative colitis, 
diverticulitis). 

. Severe hypertension. 

. Acute or chronic hepatic or renal insufficiency. 

. Uncontrolled hypocoagulable state (including 
coagulation factor deficiency, thrombocytopenia, 
spontaneous fibrinolysis, any purpuric or hemor- 
rhagic disorder). 

, Chronic pulmonary disease. with cavitation, eg. 
tuberculosis. 

. Subacute bacterial endocarditis or rheumatic val- 
vular disease. 

3. Recent cerebral embolism, thrombosis or hemor- 
rhage. (within at least two months) to avoid risk 
ot bleeding into infarcted cerebral tissue, 

. Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult 
to locate or control. 

arnings | 

heeding: Activation of the fibrinolytic system with 

rokinase causes a more profound change in the hemo- 
atic status of the patient than does anticoagulant 

erapy with heparin or coumarin agents. The objective 

4 urokinase therapy is the production of sufficient 
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brin; however, fibrin deposits which provide hemo- 
tasis, for-example at sites of needle punctures, will 
iso undergo lysis, and bleeding from such sites may 
ur. Tho possibility of bruising or hematoma forma- 
ion, especially with intramuscular injections, is 
ubstantial during thrombolytic therapy. Unnecessary 
Hinical or diagnostic procedures should be avoided. 
t is important that close attention be paid to this sec- 
on and’ the Contraindications section in order to 
ninimize the risk of bleeding. 


mounts of plasmin to lyse intravascular deposits of. 
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intramuscular injections should be avoided during 
urokinase therapy, as with heparin therapy, because 
of the'high risk of hematoma formation. Bleeding may 
occur at sites of recent invasive procedures. Therefore, 
arterial’ punctures must be avoided before as well as 
during treatment with urokinase. If arterial puncture 
is absolutely necessary, the radial or brachial artery 
should be used and the femoral artery must be avoided. 
Arterial puncture.should be performed with great care 
by an experienced physician and pressure should be 
applied:for at least 15 minutes. This should be followed 
by the application of a pressure dressing, and the punc- 
ture site should be checked frequently for evidence of 
bleeding. 

Venipunctures should also be perfomed as carefully 
and infrequently as possible. if bleeding from an inva- 
sive site occurs during urokinase infusion, but is not 
severe, treatment may be continued with close clinical 
observation. Local pressure and other measures 
should be initiated immediately. 

Spontaneous interna! bleeding that is not accessibie 
for the application of pressure may also occur. The 
risk of spontaneous bleeding is greater in patients with 
pre-existing hemostatic abnormalities, including pa- 
tients whose histories are suggestive of prior bleeding 
problems whether or not there are demonstrable ab- 
normalities in platelet count, prothrombin time, partial 
thromboplastin time, or bleeding time. The relative 
risks and benefits of urokiriaset-eatment must be care- 
fully assessed in such patients before initiating 
treatment, 

Plasmin degrades fibrinogen Factor V, Factor VIII, 
and other proteins in addition co fibrin. The products 
of plasmin degradation of fibrinogen and fibrin. 
(FDP/fdp) possess an anticoagulant effect which may 
make bleeding difficult to control. 

If serious spontaneous bleeding occurs, the infusion 
of urokinase should be terminated immediately, and 
treatment instituted as described under Adverse 
Reactions. 


Risk of Cerebral Embolism - 


Urokinase treatment of patients with atrial fibrillation. 


or other conditions which predispose to cerebral 
embolism may be hazardous-because of the risk of 
bleeding into the infarcted cerebral area. 


Use of Anticoagulants 


Concurrent use of anticoagulants with urokinase may 
be hazardous and is not recommended. Before be- 
ginning ürokinase infusion in patients being treated 
with heparin, the effects of héparin should be allowed 
to decreáse, as evidenced by a thrombin time of less 
than twice normal or an activated partial thrombo- 
plastin time (APTT) of less than cne and one-half times 
normal. Similarly, heparin should be withheld for four 
hours following urokinase fherapy unless the pro- 
thrombin‘time is in the normal range. 

Rethrombosis has been observed after completion 
of urokinase treatment. in order to minimize this risk, 
administration of intravenous heparin followed by oral 
anticoagulant therapy is considered a necessary 
adjunct following urokinase therapy (see Dosage and 
Administration). 


Use in Pregnancy 

See Contraindications. 

Use in Children 

Safety and effectiveness of urokinase therapy in 


children have not been established; therefore, treat- . 


ment of such patients is not recommended. 
Precautions 
Drug Interactions 


Drugs that may alter platelet function, e.g., aspirin, 
indomethacin, and phenylbutazone, should be avoided 
during: ürokinase treatment. The interaction of 
BREOKINASE with other drugs has not been studied. 


Laboratory Monitoring 


in patients who have received heparin, the thrombin 
time or APTT should be measured prior to starting 
urokinase. (See Warnings.) Símilarly, the prothrombin 
time should be monitored during and following uro- 
kinase therapy prior to instituting heparin. (See Dosage 
and Administration.) During urokinase administration, 
the levels: of fibrinogen, plasminogen, Factor V, and 
Factor Vill are usually substantial'y decreased, and the 
level of fibrin and fibrinogen degradation products 
(FDP/fdp) is increased. Reduced fibrinogen and in- 
sreased. FDP/fdp result in a prolongation of the 
prothrombin time. Changes in these tests serve as 
sonfirmation of the existence of a lytic state. There 
are no data to indicate that alteration of dosage is 
required on the basis of these tests, although as a gen- 
eral rule the prothrombin time should not be allowed 
*o increase above 30 seconds. 


Urokinase infusion should'be:terminated immediately 
ff serious: bleeding occurs. <’ 


Adverse Reactions 


Careful observance of the contraindications, warnings, 
and precaütions to the use of urokinase is essential to 


minimize: the incidence and severity of adverse effects. 


Bleeding 

Incidence 

In controHed clinical trials of streptokinase and 
urokinase, severe bleeding requiring a transfusion of 
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greater than two units of blood) was seen in 476 C 
streptokinase patients and 696 of patients receivin: 
urokinase. Several fatalities due to cerebral’ hemo 
rhage have occurred during urokinase therapy. 

Sponraneous bieeding of a fess severe degree ha 
been observed during urokinase treatment at abou 
twice the frequency as that occurring during hepari 
therapy. Oozing of blood from sites of skin puncturi 
is frequant; therefore, ali invasive procedures, espe 
cially arterial punctures and intramuscular injections 
should be avoided and intravenous punctures kept to; 
minimum before and during treatment with urokinase 

A moderate decrease in hematocrit not. accompaniet 
by clinicaily detectable bleeding was observed in abou 
2076 of patients treated with urokinase. 


Management of Severe Bleeding 


Urokinase therapy must be discontinued if seriou: 
bleeding occurs. Packed red cells are indicated fo 
large bicod loss. Plasma volume expanders (other thar 
Dextran; may be used to replace blood volume deficit 
Whole blood may also be used if it alone is available 
The use of aminocaproic acid (ACA, AMICAR®) ir 
humans as an antidote for urokinase has not beer 
documented, but its use may be considered if the 
hemorrhage is unresponsive to blood replacemen 


(see Warnings). 


Allergic Reactions: 


Urokinase is a protein of human origin, and in vitro a: 
well as intradermal tests in humans gave no evidence 
of induced antibody formation. However, the possibilit 
of serious allergic reactions (including anaphylaxis 
occurring during its use cannot be excluded. There 
have been rare reports of relatively mild allergic reac 
tions, e.g., bronchospasm and skin rash. 


Fever: 


Febrile episodes occurred in about 2-3% of urokinase 
treated patients. A causal relationship to urokinase 
has not been established. Symptomatic treatment witt 
acetaminophen rather that aspirin is usually sufficient 


Dosage and Administration 
Preparation 


Reconstitute each vial of‘ Breokinase by aseptically 
adding 8.9 ml of Sterile Water for Injection, U.S.P (It is 
important that only Sterile Water for injection, U.S.P. 
without preservatives, be used. Bacteriostatic Wate! 
for Injection or other diluents should not be used. 
Swirl gently to avoid foaming. Do Not Shake. Because 
Breokinase contains no preservatives, it should not be 
reconstituted until immediately before using. Any un: 
used portion of the reconstituted material should be 
discarded, 

Each mi of reconstituted Breokinase contain: 
31,250 C. T.A" Units of urokinase activity. 
Dosing 
Breokinase is Intended for Intravenous Infusion Only 
Urokinase treatment should be begun as soon as pos: 
sible after the Occurrence of pulmonary embolism, anc 
no laterthan five days after onset. A priming or toading 
dose of 2000 C.T.A. Units/Ib (4400 C. T. A. Units/kg) o 
reconstituted Breokinase is given over a period o 
ten minutés. Thís is followed by a continuous infusior 


. of 2000 CTA. Units/Ib/hr (4400 C.T.A. Units/kg/hr 


for 12 hours. l 

A constant infusion pump independent of all othe: 
intravenous systems should be used. Do not expose 
reconstitured solution to excessive heat, such as higt 
intensity lights, during administration, 


Anticoagulation Following Breokinase Treatment 


At the end of Breokinase infusion, treatment witt 
heparin by continuous intravenous infusion fallowec 
by oral anticoagulant therapy is recommended to mini- 
mize rethrombosis. Heparin treatment should begir 
4 hours after Breokinase infusion, or sooner if the 
prothrombin time has returned to normal. See manu: 
facturers prescribing information for proper use o 
heparin. 

How Supplied 

Breokinase is supplied as a sterile lyophilized prepara 
tion. Each vial contains 250,000 C.T.A. Units o 
urokinase. activity and approximately O.9 miflimols 
sodium Copan The vials should be stored at Oo 
below 4 


Brean Laboratories Inc. 
ore 90 Park Avenue. 
New York NY; 10046 — ' 


In angina pectoris... 


NITRO-BID 


296 nitroglycerin) 
Transdermal Ointment 


For prolonged prophylactic action, 
with improved left ventricular function 


“Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 
evidence of pharmacological activity evident 
up to eight hours after application." 


“data indicate that nitroglycerin ointment 
(NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous fone with 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia: 


Patient-titratable dosage 


Brief Summary: 
Description: Nitroglycerin 2% (glycery trinitrate) and lactose in a special absorptive lanolin and white 
petrolatum base 

Action: Nitroglycerin is continuously absorbed through the skin into the circulation, thus exerting prolonged 
vasodilator effects. 

indications: For the prevention and treatment of angina pectoris due to coronary artery disease. 
Contraindications: in patients known to be intolerant of the organic nitrate drugs. 

Wamings: In acute myocardial infarction or congestive heart failure, nitroglycerin ointment should be used 
under careful clinical and/or hemodynamic monitoring. 

Precautions: Symptoms of hypotension, particularly when suddenly arising from the recumbent position, 
are signs of overdosage. When they occur, dosage should be reduced, 

Adverse Reactions: Transient headaches are the most common side effect, 
especially at higher dosages. Headaches should be treated with mild analgesics, 
and nitroglycerin ointment continued. Only with untreatable headaches should 
the dosage be reduced. Although uncommon, hypotension, an increase in heart 
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Another patient benefit product from 
PHARMACEUTICAL DIVISION 


MARION 


LABORATORIES, INC. 
KANSAS CITY. MISSOURI 64137 










rate, faintness, flushing, dizziness, and nausea may occur. These all are attributable to the pharmacologic 
effects of nitroglycerin on the cardiovascular system, but are symptoms of overdosage. When they occur 
and persist, the dosage should be reduced. 

Dosage: Usual dose is 2 inches (50 mm), as squeezed from the tube, every eight hours. Some patients 
may need 4 to 5 inches (100 to 125 mm) and/or application every four hours. Optimal dosage should be 
based upon clinical response, side effects, and effects of therapy upon biood pressure. Consult full product 
disclosure before prescribing 

Caution: Federal law prohibits dispensing without prescription. 

References: 

1. Davidov M, Mroczek W: The effect of nitroglycerin ointment on exercise capacity in patients with angina 
pectoris. Presented at American College of Pharmacology meeting, Washington 
DC, April 1977. 

2. Awan NA, Miller RR, Maxwell KS, et al: Cardiocirculatory and antianginal actions 
of nitroglycerin ointment. Chest 73:14-18 (Jan) 1978 
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LS NEW RECORDER 





U'VE BEEN MISSING 


IN ECHOCARDIOGRAMS. 


If you're not seeing everything you expect from your 
present system, you should be looking at the LS-8—a 
totally new concept in presenting diagnostic information 
for echocardiography. 

It delivers crisp black and white echocardiograms 
that won't fade. Echocardiograms that are developed 
dry, without chemicals, and without any warm-up delay 
caused by speed changes. So you get an instant 
echocardiogram for immediate evaluation. 

And what an echocardiogram! Sharp and clear, 
with automatic intensity compensation for paper speeds 
from 5 to 100 mm/sec and the kind of high resolution 
and superior contrast that comes only from a wide and 
accurate gray scale range. Optional with direct print 
paper at 5 to 500 mm/sec. 

opecific application modules provide optimum 
performance in a wide variety of applications, including 


M-mode echo, video for real time, and B-scan. Other 
modules can interface with up to six physiological data 
channels and provide timelines. The 2 kHz frequency 
response of the data channels provides diagnostic- 
quality phonocardiography recordings. And since the 
LS-8 is convection-cooled, there's no fan noise, no 
acoustical interference on sensitive phonocardiography 
channels. 

Now add operation that's simpler than ever, a 
design that's quick and easy to service, and you have 
the LS-8, backed by the experience and expertise of 
people whose business is graphic recorder technology. 

Honeywell's new LS-8 Stripchart Recorder will 
deliver every bit of image quality your ultrasound system 
Is capable of. Ask your echo System supplier. Or contact 
Bob Shipman, Honeywell Test Instruments Division, Box 
9227, Denver, Colorado 80217, phone 303/771-4700. 


| WE'LLSHOW YOU A BETTER WAY. 





Honeywell 

















An antihypertensive 


* 
Lopressor beta-blocking agent 


metoprolol tartrate 
Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
Cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 
Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
fon) interval. (See Dosage and Administra- 
on. 





Still the most 
significant 
clinical advance 
in beta-blocker 
antihypertensive 
therapy 
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Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g.. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
inducec toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight incréase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated contro! animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: |t is not known whether this drug 
IS excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


Usage in Children: Safety and effectiveness in 
children have not been established. 


Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


LOPRESSOR 


metoprolol tartrate 


(3/80) 326-2483-A 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been . 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general. the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 


667292 C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 
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The effectiveness of nifedipine in treating angina pectoris at rest was 
evaluated in 14 patients with frequent ischemic episodes associated with 
S-T segment elevation or depression. The trial consisted of (1) a 48 hour 
control period; (2) a placebo period and a period of treatment with ni- 
fedipine of 48 hours each; and (3) a second placebo period and a second 
period of treatment with nifedipine of 24 hours each. The efficacy of 
treatment was evaluated by continuous electrocardiographic recording 
to detect painless ischemic episodes. During coronary angiography cor- 
onary spasm was demonstrated in five patients. The ergonovine maleate 
test was positive in seven of eight patients. 

No statistically significant difference was found in the mean daily 
number of ischemic episodes between the control period and the first 
placebo period, or between the control and the second placebo periods. 
Nifedipine produced a highly significant reduction in the mean daily 
number of episodes compared with the response to placebo during the 
first as well as the second period. Nifedipine is effective in angina at rest 
caused by coronary arterial spasm. The prevention of ischemia may be 
related to the ability of nifedipine to decrease calcium-dependent coronary 
muscle tone and to prevent coronary spasm. 


The method of treatment of angina at rest is still controversial because 
medical therapy with long-acting nitrates!? or beta adrenergic blocking 
drugs?-? and coronary bypass surgery?-!? both have given variable and 
often conflicting results, probably because of the different criteria of 
selection and the lack of homogeneity of the patients studied. Recently, 
Endo et al.!2 and Hosoda et al.!6 reported the high degree of efficacy of 
nifedipine, a new calcium antagonist compound, in the therapy of 
Prinzmetal's variant angina in patients unsuccessfully treated with beta 
adrenergic blocking agents or coronary bypass surgery. 

Because satisfactory results were observed in our preliminary trials 
with nifedipine and because no controlled study on its effectiveness was 
available, the present trial was carried out using a controlled and ob- 
jective method to assess the effectiveness of nifedipine in a selected group 
of patients with angina at rest. 


Methods 


Selection of patients: Fourteen patients with angina at rest were selected 
according to the following criteria: (1) daily occurrence of three or more ischemic 
episodes with or without pain (all episodes were of brief duration and were 
promptly relieved by sublingual nitroglycerin); (2) absence of significant ven- 
tricular arrhythmias during the ischemic attacks; (3) absence of clinical or ra- 
diologic signs of heart failure; and (4) absence of electrocardiographic or serum 
enzyme changes, or both, indicating acute myocardial infarction. The clinical 
and electrocardiographic features of the patients studied are shown in Table 
I. 
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TABLE I 
Clinical, Electrocardiographic, Angiographic and Hemodynamic Data 


Angina Electrocardiographic Findings 
Age Previ- — — — ————————————— LVFP 
(yr) At Exer- ous Spontaneous EF (mm 
Case &Sex Rest tional AMI Basal Attack EM Test (%) Hg) Coronary Angiography 
1 49M + + - Tall, peaked T 1 S-T: II, Ill, aVF 1S-T: IIl; 57 10 90% stenosis RCA; 
wave, V5-V4 {S-T; V4-Ve occlusive spasm 
after EM 
90% stenosis LAD 
75% stenosis LCx 
2 56M + + — Negative T 1S-T: I, aVL, Not done 67 15 75% stenosis RCA 
wave V ,-V, V4-V4 90 % stenosis LAD 
50% stenosis LCx 
3 62M + E — Flat T wave, 1S-T: V4,-V4 Not done 58 11 75% stenosis RCA 
Vo-V4 90% stenosis LAD 
75% stenosis LCx 
4 61M + — — Normal | S-T: II, Ill, aVF !S-T: II, m, 64 12 75% stenosis RCA; 
aVF subocclusive spasm 
after EM 
50% stenosis LAD 
5 43M + + = Normal ÎS-T: II, Ill, aVF 1 S-T: II, III, 58 14 50% stenosis RCA; 
aVF spontaneous 
occlusive spasm 
6 56M T T -— Negative T {S-T: 1, 1, V3-Ve Not done 50 12 50% stenosis RCA 
wave, I, Il, 75% stenosis LAD 
V4-Vg 75% stenosis LCx 
7 49M T — a Negative T 1 S-T: II, Ill, aVF Negative 50 10 75% stenosis RCA 
wave, Ill 
8 60M + - — Normal 1S-T: II, Ill, aVF 1 S-T: II, II, 55 12 90% stenosis RCA 
aVF 
9 61M + + Inferior Q wave, TST: ViVe Not done 35 13 Occlusion RCA 
Il, IIl, aVF 7596 stenosis LAD 
10 58M * + — Negative T {S-T: V4-V4 1S-T: V-V4 48 11 90% stenosis RCA 
wave, V5-V4 90% stenosis LAD; 
spontaneous 
occlusive spasm 
11 56M + — — Normal 18-Ti M4-V4 1 S-T: V4-V4 44 12 75% stenosis RCA 
75% stenosis LAD 
12 46M + + — Normal 1S-T: V4-Vg or Not done 53 9 7596 stenosis LMCA 
S-T: V4-V4 and 
S-T: V4-Veg 
13  65F t + _ Negative T tS-T: II, Ill, aVF Not done 61 6 9096 stenosis RCA 
wave, III 7596 stenosis LAD 
90% stenosis LCx 
14 45M 4 t — Negative T 1 S-T: II, Ill, aVF 1 S-T: INI, IIl, 80 12 50% stenosis RCA; 
wave, Ill aVF subocclusive spontaneous 


spasm 
50% stenosis LAD 


AMI = acute myocardial infarction; EF = ejection fraction; EM = ergonovine maleate: LAD = left anterior descending coronary artery; LCx = 


left circumflex coronary artery; LMCA = left main coronary artery; LVFP = left ventricular filling pressure; RCA = right coronary artery; — = absent: 
+ = present. 
10 sec. 5 sec. 10 sec. 5 sec. 
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FIGURE 1. Asymptomatic episode of S-T segment elevation recorded during continuous electrocardiographic monitoring. From top to bottom 
aré leads |, Il, Ill, V2, V4 and Vg. The paper speed is 2.5 mm/s. Two short segments (5 seconds) during ischemia and after return of the S-T segment 
to the baseline are recorded at a paper speed of 5 mm/s in order to show the S-T alterations. S-T segment elevation in leads II, IIl and Ve with reciprocal 
depression in leads |, V and V, is evident. The return of the S-T segment to the baseline occurs spontaneously. 


826 April 1980 The American Journal of CARDIOLOGY Volume 45 


Patients more than 70 years of age and those with major 
systemic diseases were also excluded from the study. No pa- 
tient was taking digitalis or diuretic drugs. Two patients had 
been treated with beta receptor blocking agents and six with 
long-acting oral nitrates before the study; all these drugs were 
discontinued by the patients at least 24 hours before entering 
the study. Informed consent was obtained from each pa- 
tient. 

Study protocol: All patients were admitted to the coronary 
care unit and underwent continuous electrocardiographic 
recording at a paper speed of 2.5 mm/s on a six channel re- 
corder (Hellige Multiscriptor 9400/6), using monitoring leads 
I, II, III, Vo, V4 and Ve, from 2 pm to 6 pm and from 8 pm to 
6 am (Fig. 1). When the electrocardiogram was not being re- 
corded, the lead previously showing the most significant al- 
terations was monitored. The trial was arranged as follows: 
(1) A control period was established in 7 of 14 patients; (2) a 
placebo period of 48 hours was followed by a treatment period 
with nifedipine (10 mg orally every 4 hours) of 48 hours in all 
patients; and (3) a second placebo period and a second treat- 
ment period with nifedipine (of 24 hours each) were instituted 
in 12 patients. Nifedipine dosage was increased to 20 mg every 
4 hours in five of the patients whose ischemic episodes were 
not completely abolished during the first treatment period. 
During the trial no drug other than sublingual nitroglycerin 
was administered. Blood pressure was measured by the cuff 
method every 4 hours; serum myocardial enzymes and elec- 
trolytes, red cell count, blood urea nitrogen, fasting blood 
sugar and chest X-ray film were repeatedly assessed. 

After completion of the trial, the patients protected from 
ischemic episodes by nifedipine were treated with individu- 
alized doses and then discharged on a regimen of nifedipine. 
They were followed up clinically for a period ranging from 3 
to 12 months. 

Diagnostic procedures: Pharmacologic testing with er- 
gonovine maleate was performed in eight patients according 
to the previously described method.!? The drug caused typical 
chest pain and electrocardiographic signs of ischemia similar 
to those of the spontaneous episodes in seven of the eight 
patients. | 

Submaximal exercise testing on a bicycle ergometer in 
supine position was carried out in eight patients and the re- 
sults were positive in six. 

Coronary angiography according to the Sones technique 
and left ventriculography were performed in all patients 
(Table I). In five patients coronary spasm, either spontaneous 


FIGURE 2. Mean daily number of ischemic episodes 10 
observed in each of the 14 patients during the first pla- 

cebo period. Note that all but one patient had both painful 

and painless ischemic episodes; in five patients the 
asymptomatic episodes were more frequent than the 

symptomatic episodes, and one patient never complained 

of pain during ischemia. 
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(three patients) or ergonovine maleate-induced (two patients), 
was demonstrated during angiography. The spasm was always 
accompanied by chest pain and electrocardiographic evidence 
of ischemia and was promptly relieved by sublingual nitro- 
glycerin. 

Hemodynamic monitoring, as described previously,!? was 
carried out in three patients. Right atrial, pulmonary arterial 
and systemic blood pressures were continuously monitored 
and cardiac output was determined by the thermodilution 
method. The onset of S-T segment or T wave changes was 
never preceded by any variation of the hemodynamic variables 
controlling myocardial oxygen demand. 

Statistical analyses were performed using Student's t test 
for paired data. All numerical results are expressed as mean 
+ standard error of the mean. 


Results 


Effect on angina and ischemic attacks: l'he mean 
daily number of ischemic episodes observed in the 
placebo period and the incidence of painful and painless 
episodes in each of the 14 patients are shown in Figure 
2. All but one patient experienced both symptomatic 
and asymptomatic episodes; five showed a prevalence 
of painless attacks and one had only painless episodes. 
No statistically significant difference was found in the 
mean daily number of episodes between the control 
period and the first placebo period (26.7 + 8.8 versus 
20.1 + 5.4) or between the control and the second pla- 
cebo periods (26.7 + 8.8 versus 19.5 + 11.5) (Fig. 3). 

Nifedipine produced a highly significant reduction 
of the mean daily number of episodes compared with 
results of placebo during the first period (1.1 + 0.8 
versus 16.5 + 3.1; p <0.001) as well as during the second 
period (1.1 + 0.9 versus 20.9 + 7.4; p <0.02) (Fig. 4). The 
drug completely prevented both painful and painless 
attacks in nine patients at a dosage of 10 mg every 4 
hours; two patients were only partially protected by this 
dosage, but an increase to 20 mg every 4 hours com- 
pletely abolished the attacks. In three patients (Cases 
8, 12 and 13) nifedipine at both dosages was completely 
or partially ineffective. These patients could not be 
differentiated from those responding to nifedipine by 
type of angina and electrocardiographic changes or by 
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MEAN DAILY MEAN DAILY 
NUMBER OF 
pem = NS. EPISODES NS. 

25 25 

20 20 

15 15 

10 10 

5 5 

CONTROL = PLACEBOT CONTROL . PLACEBOII 
7 PTS. 7 PTS. 


FIGURE 3. Mean (4 standard error) daily number of ischemic episodes 
during the control period compared with that of the first placebo period 
(left) and that of the second placebo period (right). No significant dif- 
ference in the number of ischemic episodes was found between the 
control period and each of the placebo periods. 


severity of coronary disease. Nifedipine completely 
abolished the ischemic attacks in all five patients with 
angiographically demonstrated coronary spasm, as well 
as in six of seven patients with a positive ergonovine 
maleate test. 

Hemodynamic effects: During the trial systolic and 
diastolic blood pressures were considerably lower after 
nifedipine than after placebo (systolic pressure: 123.5 
+ 4.0 versus 135.8 + 5.83 mm Hg; p «0.001; diastolic 
pressure: 80.3 + 2.9 versus 87.6 + 3.1 mm Hg; p «0.001). 
Heart rate increased (70.3 + 2.6 versus 67.8 + 2.5 
beats/min; p <0.02) and the rate-pressure product de- 
creased (85.9 + 3.9 versus 90.4 + 4.3 mm Hg-beats/min 
X 1072; p «0.05). 

Follow-up study: During the in-hospital stay an 
acute myocardial infarction developed a few hours be- 
fore coronary bypass surgery in a patient (Case 8) whose 
angina was refractory to nifedipine and nitrates. In 
another patient (Case 10) completely protected by ni- 
fedipine an asymptomatic anteroseptal myocardial 
infarction developed a few hours after coronary angi- 
ography, during which spontaneous spasm of the left 
anterior descending coronary artery had been observed. 
Coronary bypass was carried out in a patient (Case 12) 
who had critical stenosis of the left main coronary artery 


MEAN DAILY MEAN DAILY 
NUMBER OF NUMBER OF 
EPISODES EPISODES 
25 25 
20 20 
p < 0001 p <0.02 


PLACEBOI NIFEDIPINE PLACEBO NIFEDIPINE 
14 PTS. 12 PTS 


FIGURE 4. Mean (+ standard error) daily number of ischemic episodes 
during the first (left) and the second (right) treatment periods with ni- 
fedipine compared with the number after placebo. Nifedipine produced 
a highly significant reduction in the mean daily number of ischemic 
episodes during both periods. 


and was only partially protected by nifedipine. The 
remaining 11 patients were discharged on a regimen of 
nifedipine; follow-up study showed that 6 patients re- 
mained pain-free, 3 had only sporadic episodes of angina 
and 2 had frequent attacks after a few months. 

Side effects: During the drug trial two patients 
complained of headache and transient dizziness. During 
the follow-up study, ankle edema not associated with 
cardiac failure and disappearing after dosage reduction 
was observed in two patients and transient dizziness in 
one. 


Discussion 


Methodologic considerations: Clinical assessment 
of a drug efficacy in the treatment of angina at rest 
presents a series of methodologic problems. Prevention 
of anginal pain is not an adequate criterion for evalu- 
ating drug efficacy because many patients with angina 
at rest have ischemic attacks both with and without 
pain!®!9 and some have such attacks only without pain. 
Therefore, reliable assessment requires an objective 
method such as continuous electrocardiographic mon- 
itoring. The effectiveness of placebo treatment in a large 
proportion of patients with angina pectoris?? is another 
factor to be considered. In our study a placebo effect can 
be ruled out because the number of ischemic episodes 
was not reduced during either placebo period. The 
possibility of spontaneous remission of the attacks must 
also be considered. Fulton et al?! showed that the 
symptoms of unstable angina decreased or disappeared 
in 50 percent of the patients who had not died or had not 
had a myocardial infarction when assessed at 3 months. 
To minimize this possible source of error in our assess- 
ment of treatment, placebo and active drug were ad- 
ministered for short periods (24 to 48 hours). The ef- 
fectiveness of nifedipine is apparent from the finding 
that 8 of 10 patients who were completely or almost 
completely protected by the drug experienced a sudden 
reappearance or an increase of angina when a second 
placebo period was instituted. When the active drug was 
reinstituted the ischemic attacks were completely 
abolished in seven of the eight. However, two patients 
did not experience any ischemic episodes during the 
second placebo period, and therefore the possibility that 
there may be transitory disappearance of angina even 
within a few days must be taken into account. 

Pathogenetic mechanism of angina at rest: A ra- 
tional therapeutic approach to angina at rest should be 
based not only on the clinical and coronary arterio- 
graphic features, but also on the pathogenetic mecha- 
nism. Guazzi et al.?? and Maseri et al.?? observed that 
in patients with angina at rest ischemic attacks associ- 
ated with S- T segment elevation or depression are not 
consistently preceded by any significant change in the 
hemodynamic variables controlling myocardial meta- 
bolic requirement and therefore cannot be attributed 
to increased myocardial oxygen consumption. Per- 
forming thallium-201 scintigraphy during attacks of 
angina at rest with S-T segment elevation, Maseri et 
al.24 demonstrated that ischemia was related to a 
transient transmural reduction of regional blood flow. 
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Spontaneous coronary spasm has been demonstrated 
during attacks of angina at rest associated with both 
elevation23:25-29 and depression?9?! of the S-T segment 
and is thought to be the cause of acute transitory isch- 
emia. In patients with angina at rest coronary arterial 
spasm, accompanied by chest pain and electrocardio- 
graphic evidence of ischemia, has been reproduced by 
intravenous injection of ergonovine maleate.32:33 Both 
the electrocardiographic and coronary arteriographic 
features of ergonovine maleate-induced episodes have 
been shown to be similar to those of spontaneous epi- 
sodes.1734 In our study coronary arterial spasm was 
shown to cause anginal attacks in five patients; the 
positive ergonovine maleate tests in these five and in 
two additional patients suggest that spasm was the 
mechanism underlying the ischemia. Moreover, he- 
modynamic monitoring in three other patients showed 
that the electrocardiographic signs of ischemia were not 
preceded by changes in hemodynamic variables deter- 
mining myocardial metabolic demand. These findings 
suggest that ischemia is caused by a primary reduction 
of blood supply, even if other pathogenetic mechanisms 
cannot be ruled out in the other patients. 
Mechanism of action of nifedipine: Given sub- 
lingually or intravenously in man, nifedipine signifi- 
cantly reduces both systolic and diastolic blood pres- 
sures and peripheral resistance and increases heart rate 
without significantly affecting myocardial contractil- 
ity.35-37 However, on the basis of the findings discussed 
earlier on the pathogenetic mechanism of angina at rest, 
these beneficial effects on myocardial oxygen con- 
sumption do not seem to account for the effectiveness 
of nifedipine in the patients studied. Under experi- 
mental conditions nifedipine abolishes the spasm that 
is produced in isolated animal coronary arterial strips 
when they are placed in a solution containing a high 


potassium concentration.’ Coronary smooth muscle 


relaxation is due to the nifedipine-induced blockade of 
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transmembrane calcium influx, as demonstrated by the 
fact that coronary muscle tone is reestablished by 
adding calcium to the solution.?* Although a similar 
action of nifedipine has not yet been demonstrated in 
man, its effectiveness in angina at rest may be related 
to the capacity to decrease coronary tone so that the 
arteries are less sensitive to vasoconstricting stimuli. 
The full protection given by the nifedipine to all five 
patients with demonstrated coronary spasm supports 
this hypothesis. However, because coronary spasm was 
angiographically demonstrated in only five cases, the 
possibility cannot be ruled out that nifedipine could 
play a role in some mechanism responsible for ischemia 
other than spasm. 

Therapeutic implications: The results of this trial 
show that nifedipine is highly effective in the treatment 
of angina at rest. Its efficacy seems to be related to 
dosage and interval of administration: Our preliminary 
data as well as a recent report?? show that some patients 
treated with 10 mg every 6 hours experienced ischemic 
episodes between the 4th and the 6th hours after ad- 
ministration, but were completely protected by 10 or 20 
mg every 4 hours. No major side effects were observed 
during short-term administration, even when large 
doses were used. The possibility of impairment of left 
ventricular function related to the calcium-antagonist 
activity of the drug is not confirmed by our observations 
because even with the largest doses no clinical or ra- 
diologic signs of heart failure were seen. However, all of 
our patients had normal or only slightly impaired left 
ventricular function, and no data are available on the 
effects of nifedipine in patients with poor left ventric- 
ular function. 
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To compare the effects of sublingual nitroglycerin and nitroglycerin paste 
on left ventricular size and performance during supine bicycle exercise, 
equilibrium radionuclide angiography was performed in 36 persons 
classified into two groups of normal subjects and two groups of patients 
with angiographically proved coronary heart disease. Each group un- 
derwent a control exercise study, and then one group of normal subjects 
and one group of patients were restudied after the administration of 0.6 
mg of nitroglycerin or 2 inches (5 cm) of nitroglycerin paste (but not both). 
Data were collected at rest and at peak exercise. 

In normal subjects exercise resulted in increased ejection fraction, 
decreased end-systolic volume and little change in end-diastolic volume. 
After either drug, volumes at rest markedly decreased, and during exer- 
cise, ejection fraction increased to levels comparable with pre-drug levels. 
After nitroglycerin paste the reduction in volume seen at rest persisted 
during exercise, but after sublingual nitroglycerin end-diastolic volume 
increased during exercise (88 + 43 to 113 + 30 ml [mean + standard 
deviation]; p <0.01). Peak exercise end-diastolic volume after nitro- 
glycerin was still lower than that before nitroglycerin (113 + 30 versus 
120 + 28 ml, p <0.05). 

In patients with coronary disease, ejection fraction did not change 
during exercise, but both end-diastolic and end-systolic volumes in- 
creased. After either drug ejection fraction at rest was unchanged, al- 
though ventricular volumes were markedly lower (p <0.05). Ejection 
fraction increased with exercise in both groups with coronary disease after 
either drug. After sublingual nitroglycerin, volumes increased during ex- 
ercise although the peak exercise end-diastolic volume was still lower 
than the control value (113 + 31 versus 145 + 34 ml; p <0.01). After paste 
administration, end-diastolic volume did not change during exercise, and 
end-systolic volume decreased (41 + 20 to 36 + 22 mi; p <0.05). 

Thus, sublingual nitroglycerin and nitroglycerin paste improved left 
ventricular function during exercise. The effect of paste on end-diastolic 
volume appeared sustained, whereas that of sublingual nitroglycerin was 
transient, confirming the hypothesis that reduction in end-diastolic volume 
and, by implication, left ventricular wall tension, is a major mechanism 
of nitrate action. 


The effects of sublingual nitroglycerin and nitroglycerin ointment on 
left ventricular function and size at rest have been studied by a variety 
of invasive and noninvasive methods.!-? It has been thought that, the 
salutary effects of nitrates during acute ischemia are due to reduction 
in myocardial wall stress and thus myocardial oxygen requirements.!0-4 
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Recent studies have evaluated the beneficial effects of 
several forms of these pharmacologic agents on the 
duration of treadmill exercise!?16 and on the improve- 
ment in ventricular function during supine bicycle ex- 
ercise.! ^15 These reports have theorized that this im- 
provement in functional status is due to a reduction in 
preload as well as in outflow impedance. In an attempt 
to demonstrate the mechanism for improvement in 
exercise tolerance and to characterize the response of 
left ventricular volume and function in patients with 
coronary disease after application of nitroglycerin paste 
or ingestion of sublingual nitroglycerin, we studied 36 
persons with equilibrium radionuclide angiography and 
supine bicycle exercise. 


Methods 


Study Patients 


Normal subjects: The study population was composed of 
36 persons classified into four distinct groups. Groups 1 and 
2 were composed of 16 clinically normal subjects, 6 of whom 
had a normal contrast ventriculogram and coronary angiogram 
when studied for complaints of atypical chest pain. The re- 
maining 10 subjects had a normal chest radiograph, physical 
examination, clinical history and electrocardiograms at rest 
and during exercise. None had hypertension or known car- 
diopulmonary disease or was taking any medications. Group 
1 was composed of two women and six men, and Group 2 of 
four women and four men; the age range was 23 to 52 years 
(mean + standard deviation 39 + 9 years). 

Patients with coronary artery disease: Groups 3 and 4 
were composed of 20 persons with angiographically docu- 
mented coronary artery disease (intraluminal occlusion of 70 
percent or more of one or more major coronary arteries). Four 
had had a previous myocardial infarction, anterior in two and 
inferior in two as determined by electrocardiographic criteria. 
No patient had a ventricular aneurysm as assessed with con- 
trast ventriculography, although the four patients with pre- 
vious infarction had akinetic segments in a distribution 
compatible with the infarct site identified by the electrocar- 
diogram. A]l other patients had either normal findings or 
minimally hypokinetic segmental contraction disturbances 
on cineventriculographic analysis. Two patients were taking 
digoxin (serum digoxin levels 1.6 and 1.2 ng/ml, respectively) 
and furosemide. No patient was ingesting any form of beta 
adrenergic blocking or antihypertensive agents or nitrate 
preparations. Sixteen patients were taking occasional sub- 
lingual nitroglycerin for complaints of exertional angina, but 
none had ingested any within 48 hours of the study. 


Study Protocol 


Radionuclide angiography: All subjects were studied 
while quietly lying supine under a portable, single crystal 
gamma camera detector (Picker Dyna Mo) equipped with a 
low energy parallel hole collimator. A small intravenous 
catheter was placed in an antecubital vein for the injection of 
20 mCi of technetium 99m labeled to human serum albumin 
(Union Carbide or Ackerman single or multidose kits). A 
second catheter was placed in a vein in the opposite arm for 
periodic venous blood sampling. These samples were used in 
the calculation of ventricular volumes (see Data Analysis). The 
gamma camera detector was positioned over the thorax in the 
45° left anterior oblique position with a small (5° to 10°) 
caudal tilt to maximize the separation of the left ventricle from 


the left atrium. Five minutes of electrocardiographically gated 
scintigraphic data were acquired at rest after the complete 
intravenous mixing of the radiopharmaceutical. Data were 
stored on video tape as digital pulses and transferred to a 
dedicated nuclear medicine computer system (Medical Data 
Systems-PAD) for later analysis. 

Exercise testing: Each normal subject and patient with 
coronary disease underwent symptom-limited graded supine 
bicycle exercise. The exercise stages were 3 minutes in dura- 
tion, and each subsequent exercise increment was added if the 
patient was physically able to continue. Exercise was stopped 
because of fatigue in all normal subjects and in 14 of 20 pa- 
tients with coronary heart disease. Six patients with coronary 
disease exercised until angina developed in association with 
significant (greater than 0.1 mV) S-T segment depression in 
one or more of the 14 leads of the electrocardiographic and 
vectorcardiographic monitor system.!? No patient had more 
than three ventricular or atrial extrasystoles during exercise. 
During this control exercise study, scintigraphic data were 
processed at rest and at peak exercise (see Data Analysis). 

Nitroglycerin administration: Thirty to 40 minutes after 
the completion of the exercise study, when heart rate, blood 
pressure, ejection fraction and end-diastolic and end-systolic 
volumes had returned to the control level, the second part of 
the study was begun. Eight normal subjects were given 0.6 mg 
of nitroglycerin sublingually. After 2 minutes had passed, 3 
minutes of data at rest were collected, and then the identical 
exercise protocol was performed at the same work loads and 
for the same periods of time as those of the control study. 
Similarly, 10 of the 20 patients with coronary disease (two with 
a previous infarcts and three in whom angina developed) ex- 
ercised after ingesting 0.6 mg of sublingual nitroglycerin. Once 
again rest and peak exercise data were analyzed. Blood pres- 
sure, pulse and electrocardiograms were continuously moni- 
tored. 

Eight of the 16 normal subjects and 10 of the 20 patients 
with coronary disease (two with a previous infarct and three 
in whom angina developed during the control exercise stage) 
had 2 inches (5 cm) of nitroglycerin paste (Nitrol®) applied 
to the right anterior part of the chest after completion of the 
control exercise study. Thirty to 40 minutes later the 8 normal 
subjects and 10 patients with coronary disease repeated the 
rest and exercise study at the same work loads and for the 
same period of time as during the control exercise study. No 
patient who experienced angina during the control exercise 
study had angina after nitroglycerin (either paste or sublingual 
tablet) was administered before the second exercise study. 


Data Analysis 


Analysis of radionuclide equilibrium angiograms has been 
previously described.!420-24 In brief, electrocardiographic 
gated real-time scintigraphic data are stored on video tape as 
digital pulses and transferred to a dedicated nuclear computer 
(Medical Data Systems, PAD). The computer automatically 
divides each R-R interval into 28 equal frames, depending on 
heart rate (for example, for a heart rate of 54 to 71 beats/min 
each frame time is 0.04 second; for 71 to 107 beats/min, 0.03 
second). The computer acquisition program then compiles 
multiple R-R intervals by summing the scintigraphic data in 
each corresponding frame after the R wave to form a com- 
posite cardiac cycle. At end-diastole a rectangular region of 
interest is placed around the left ventricle by the computer 
operator. An edge detection algorithm that utilizes both count 
rate change and the second derivative of the count rate change’ 
then tracks the ventricular silhouette throughout the cardiac 
cycle, thus utilizing a varying region of interest. Background 
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is automatically assigned by the computer in the end-systolic 
frame, outside the lower left quadrant of the ventricle. 

Ejection fraction (EF) is calculated from the following 
equation derived from the background-corrected time-activity 
curve: EF = (End-diastolic counts [EDC] — End-systolic 
counts [ESC])/EDC. Ejection fractions calculated with this 
method?^?5 have shown excellent correlations with those 
determined with contrast ventriculography. 

Calculation of left ventricular volume has previously been 
described and the reproducibility validated in our labora- 
tory.2°-23 Volume (V), in arbitrary nongeometric units, is 
derived from the following equation: 


V = EDC or ESC 0.04 second 
Heartbeats (n) Actual frame time 
Counts/0.1 ml plasma per 10 seconds 


x 104 


The denominator is obtained by withdrawing 5 ml of blood 
at the mid point of each study and centrifuging the sample for 
5 minutes. Plasma, 0.1 ml, is pipetted into a test tube, mixed 
with 5 ml of water and then counted in a well counter (20 
percent window around a 140 keV photopeak) for 10 seconds. 
The total number of heartbeats and actual time for each frame 
is calculated automatically by the computer acquisition pro- 
gram. The correlation for end-diastolic and end-systolic vol- 
umes with contrast ventriculography using this method is 0.94 
or greater, with small estimate errors for both end-diastolic 
(+11.5 ml) and end-systolic (+7.3 ml) volumes. Actual milli- 
liters are derived from the best linear fit least-squares re- 
gression line. Average variation in end-diastolic volume is +6.5 
ml and in end-systolic volume +3.5 ml when serial studies are 
repeated hourly in the same subject in stable condition.?? The 
average variation in ejection fraction and ventricular volume 
was small when 2, 5 or 10 minutes of scintigraphic data were 
compared (+2.2 percent; r 20.985), as was inter- and in- 
traobserver variability (both +2 percent; r = 0.99).?0 
Statistical analyses: All statistical analyses were per- 
formed using Student's paired t test or a repeated measures 


analysis of variance.?9 All data are given as the group mean 
+1 standard deviation. 


Results 


Blood Pressure and Heart Rate 


Table I shows the resting blood pressure (mm Hg by 
cuff sphygmomanometer) and heart rate (beats/min) 
for the normal subjects and patients with coronary heart 
disease. There were no significant differences in resting 
heart rate, systolic blood pressure, diastolic blood 
pressure or double product (heart rate X systolic blood 
pressure) when the groups were compared. Both normal 
subgroups exercised to a higher double product than did 
either group with coronary disease (p <0.01). Addi- 
tionally, peak heart rate and blood pressure were higher 
in both normal groups (p at least <0.01) when each was 
compared with either coronary disease group. 

After sublingual nitroglycerin was taken, heart rate 
at rest increased and blood pressure declined in the 8 
normal subjects and 10 patients with coronary disease 
(p at least <0.05 versus preintervention result at rest), 
although the normal subjects had a greater increase in 
heart rate at rest (15.4 + 4 beats/min) than did patients 
with coronary disease (8.6 + 5 beats/min; p <0.05). The 
decline in systolic and diastolic blood pressures was not 
significantly different when the two populations were 
compared, although the increase in double product at 
rest was greater in the normal subjects after nitroglyc- 
erin (+1,356 + 262) than in the patients with coronary 
disease (+567 + 185; p <0.05). Peak exercise heart rate 
and double product were not significantly changed after 
nitroglycerin, although systolic blood pressure in both 
groups was slightly, but significantly lower when the 


Peak 
Rest Exercise 

After NTG 

92 + 24! 143 + 36 

119 + 155/74 + 17+ 192 + 381/83 + 13 

10,977 + 923 28,432 + 4,174 
After paste 

91+ 19! 142+ 35 


194 + 394/81 + 14 
27,456 + 4,581 


117 + 181/72 + 19* 
10,677 + 914! 


After NTG 


TABLE | 
Heart Rate and Blood Pressure Responses” at Rest and at Peak Exercise Before and After Nitroglycerin 
Peak 
Rest Exercise 
Normal subjects Before NTG 
Heart rate (beats/min) 77 3315 140 + 30 
Blood pressure (mm Hg) 125 + 20/81 + 11 200 + 32/83 + 17 
Double product 9,621 + 824 28,000 + 3,142 
Before paste 
Heart rate (beats/min) 79 t 14 142 + 34 
Blood pressure, (mm Hg) 124 + 22/80 + 14 204 + 37/81 + 19 
Double product 9,742 + 721 27,942 + 1,961 
Patients with CAD Before NTG 
Heart rate (beats/min) 79+ 12 125 + 39 
Blood pressure (mm Hg) 124+ 15/80 + 9 157 + 11/93 x 17 
Double product 9,796 + 725 19,625 + 1,965 
Before paste 
Heart rate (beats/min) 78+ 15 120 + 48 
Blood pressure (mm Hg) 127 + 18/80 + 10 168 + 36/81 t 7 
Double product 9,906 + 642 19,825 + 2,842 


* All values are expressed as mean 4- 1 standard deviation. 
t p <0.01 versus preintervention study at same stage. 
t p «0.05 versus preintervention study at same stage. 
CAD = coronary artery disease; NTG = sublingual nitroglycerin; paste = nitroglycerin paste. 
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87 + 18! 131+ 40! 

119 + 7/75 +6 158 + 14/88 + 16 

10,363 + 803 20,698 + 2,260 
After paste 

86 + 16! 131+ 43! 

113 + 12/78 1 8 155 + 16/87 + 11: 

9,718 + 964 20,305 + 2,400 
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post- and prenitroglycerin pressures at peak exercise 
were compared. 

After the application of nitroglycerin paste, heart rate 
at rest and double product increased in both the normal 
subjects and in the patients with coronary disease, al- 
though blood pressure decreased. Similar to the results 
after sublingual nitroglycerin, the postintervention peak 
exercise double product in both groups was unchanged. 
Peak heart rate was slightly but significantly (p «0.05) 
higher, whereas blood pressure was unchanged in the 
normal subjects, although slightly decreased in the 
patients with coronary disease (Table I). Both normal 
subjects and patients with coronary disease who re- 
ceived nitroglycerin paste had a higher postintervention 
heart rate at rest (91 + 19 versus 79 + 14 beats/min [p 
<0.05] for normal subjects and 87 + 18 versus 79 + 12 
beats/min [p «0.05] for patients with coronary dis- 
ease). 


Hemodynamic Results 


The resting ejection fraction and end-diastolic, 
end-systolic and stroke volumes were not significantly 


TABLE Il 


Normal Subjects (Group 1): Responses to Sublingual 
Nitroglycerin (NTG) 


Before NTG After NTG 
Peak Peak 
Subject Rest Exercise Rest Exercise 
Ejection Fraction 
1 0.61 0.76 0.73 0.83 
2 0.66 0.93 0.69 0.94 
3 0.60 0.73 0.65 0.77 
4 0.56 0.69 0.65 0.79 
5 0.49 0.67 0.53 0.74 
6 0.54 0.65 0.61 0.71 
7 0.57 0.67 0.59 0.73 
8 0.59 0.72 0.63 0.76 
Mean 0.58 0.73 0.64 0.78 
+ SD + 0.05 + 0.09* + 0.06 + 0.07* 
End-Diastolic Volume (ml) 
1 86 84 69 74 
2 83 84 56 67 
3 168 162 148 156 
4 141 142 120 132 
5 128 132 104 124 
6 114 119 101 122 
"i 99 107 82 100 
8 138 132 116 126 
Mean 120 120 88 113 
+ SD + 30 + 28 + 43 + 30° 
End-Systolic Volume (ml) 
1 33 20 19 12 
2 28 6 17 4 
3 74 50 52 36 
4 62 44 42 28 
5 65 44 49 32 
6 62 42 39 35 
7 56 35 34 27 
8 81 37 43 30 
Mean 58 35 37 26 
+ SD + 18 d: 15* + 13 +117 


* p <0.01 versus study at rest. 
t p «0.05 versus study at rest. 
NTG = nitroglycerin; SD = standard deviation. 
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different when normal subjects and patients with cor- 
onary disease were compared (Tables II to V). With 
exercise, both subsets of normal subjects had an increase 
in ejection fraction (p <0.01) (Fig. 1 and 2) in association 
with no change in end-diastolic volume (Fig. 3 and 4) 
and a marked decrease in end-systolic volume (58 + 15 
to 35 + 15 ml [p <0.01] and 48 + 11 to 32 + 8 ml [p 
<0.05]) (Fig. 5 and 6). 

Normal response to sublingual nitroglycerin 
(group 1) (Table II, Fig. 1, 3 and 5): In the eight nor- 
mal subjects ejection fraction was higher at rest (0.64 
+ 0.06 versus 0.58 + .05; p <0.05) and at peak exercise 
(0.78 + .07 versus 0.73 + .09; p = 0.07) after adminis- 
tration of sublingual nitroglycerin. Values at rest for 
end-diastolic volume (120 + 30 versus 88 + 43 ml; p 
<0.01) and end-systolic volume (58 + 18 versus 37 + 13 
ml; p <0.01) decreased. During exercise after nitro- 
glycerin, end-diastolic volume increased (88 + 43 at rest 
to 112 + 30 ml at peak exercise; p <0.01), although 
end-systolic volume declined to a level even lower (26 
+ 11 ml) than that of the prenitroglycerin control peak 
exercise stage (35 + 15 ml; p < 0.05). 


TABLE Ill 


Normal Subjects (Group 2): Responses to Nitroglycerin 
Paste 





Before Paste After Paste 
Peak Peak 
Subject Rest Exercise Rest Exercise 
Ejection Fraction 

1 0.66 0.73 0.71 0.77 
2 0.49 0.66 0.54 0.71 
3 0.54 0.72 0.56 0.77 
4 0.58 0.78 0.57 0.84 
5 0.63 0.69 0.67 0.73 
6 0.61 0.71 0.64 0.78 
7 0.54 0.71 0.58 0.76 
8 0.59 0.66 0.61 0.72 
Mean 0.58 0.71 0.61 0.76 

+ SD + 0.06 + 0.04* + 0.06 + 0.04* 

End-Diastolic Volume (ml) 

1 96 87 79 77 
2 122 116 89 92 
3 133 131 67 69 
4 110 102 59 61 
5 101 110 90 93 
6 139 143 115 118 
7 117 124 101 112 
8 90 84 64 62 
Mean 114 112 83 

+ SD +11 + 21 + 22 + 22 

End-Systolic Volume (ml) 

1 33 21 23 18 
2 62 39 41 27 
3 61 37 29 16 
4 46 22 25 10 
5 37 34 30 25 
6 54 41 41 26 
7 54 36 42 27 
8 37 29 25 17 
Mean 48 32 32 21 

i SD + 11 + 8t + 8 + 6! 


* p <0.01 versus study at rest. 
t p <0.05 versus study at rest. 
SD = standard deviation. 
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Normal response to nitroglycerin paste (group 
2) (Table III, Fig. 2, 4 and 6): Findings in the second 
group of normal subjects were similar to those of the 
first group during the control exercise period. After 
nitroglycerin paste was applied, resting end-diastolic 
volume (114 + 11 to 83 + 22 ml; p <0.01) and end-sys- 
tolic volume (48 + 11 to 32 + 8 ml; p <0.05) decreased, 
as did stroke volume (68 + 21 to 52 + 17 ml; p <0.05). 
During exercise after nitroglycerin paste, end-diastolic 
volume remained small (83 + 22 ml at rest and 86 + 22 
ml at peak exercise; p = NS), end-systolic volume de- 
clined (32 + 8 at rest to 21 + 6 ml at peak exercise; p 
<0.05) and ejection fraction increased (0.61 + 0.06 at 
rest to 0.76 + 0.04 at peak exercise; p <0.01). 

Response to nitroglycerin in patients with cor- 
onary heart disease (group 3) (Table IV, Fig. 3 and 
5): During the control exercise period in the patients 
with coronary disease ejection fraction decreased, al- 


TABLE IV 


Patients With Coronary Disease (Group 3): Responses to 
Sublingual Nitroglycerin (NTG) 


Before NTG After NTG 
Peak Peak 
Subject Rest Exercise Rest Exercise 
Ejection Fraction 

1 0.57 0.59 0.54 0.63 

2 0.57 0.60 0.55 0.76 

3 0.50 0.51 0.49 0.60 

4 0.54 0.56 0.63 0.80 

5 0.60 0.30 0.58 0.61 

6 0.62 0.54 0.67 0.73 

7 0.67 0.67 0.72 0.74 

8 0.29 0.29 0.29 0.28 

9 0.70 0.57 0.80 0.64 
10 0.45 0.46 0.40 0.51 
Mean 0.55 0.52 0.56 0.63 

+ SD + 0.10 + 0.10 + 0.14 +0.15* 

End-Diastolic Volume (ml) 

1 99 110 74 103 

2 103 99 51 59 

3 98 118 76 102 

4 103 138 70 87 

5 98 150 60 114 

6 120 179 70 95 

7 121 168 74 143 

8 188 213 150 168 

9 100 141 58 127 
10 124 126 70 133 
Mean 115 145 75 113 

+ SD + 28 + 34t + 27 + 31! 

End-Systolic Volume (ml) 

1 43 45 40 38 

2 44 40 23 14 

3 49 58 39 41 

4 46 65 26 17 

5 34 91 24 49 

6 46 82 23 26 

7 40 55 21 37 

8 134 151 107 121 

9 30 60 12 46 
10 68 75 42 65 
Mean 51 72 36 45 

+ SD i 33 + 32! + 27 t 31° 


* p <0.05 versus study at rest. 
t p <0.01 versus study at rest. 
SD = standard deviation. 


though not significantly (0.55 + 0.10 versus 0.52 + 0.10) 
in association with an increase in end-diastolic volume 
(115 + 28 to 145 + 34 ml; p < 0.01), end-systolic volume 
(51 + 33 to 72 + 32 ml; p <0.01) and stroke volume (64 
+ 11 to 73 + 13 ml; p <0.05). 

After the administration of sublingual nitroglycerin, 
there was a decrease in values at rest for end-diastolic 
volume (115 + 28 to 75 + 27 ml; p <0.01) and end-sys- 
tolic volume (51 + 33 to 36 + 27 ml; p <0.01) with no 
significant change in ejection fraction (0.55 + 0.10 to 
0.56 + 0.14). During exercise after sublingual nitro- 
glycerin, ejection fraction increased from 0.56 + 0.14 at 
rest to 0.63 + 0.15 at peak exercise (p <0.05). The peak 
exercise ejection fraction was significantly higher after 
nitroglycerin than before its administration (0.63 + 0.15 
versus 0.51 + 0.10; p <0.01). End-diastolic volume in- 
creased during the postnitroglycerin exercise study (75 
+ 27 at rest to 113 + 31 ml at peak exercise; p <0.01), 


TABLE V 


Patients With Coronary Disease (Group 4): Responses to 
Nitroglycerin Paste 





Before Paste After Paste 
Peak Peak 
Subject Rest Exercise Rest Exercise 
Ejection Fraction 
1 0.49 0.47 0.53 0.58 
2 0.54 0.57 0.51 0.59 
3 0.62 0.64 0.63 0.67 
4 0.70 0.61 0.72 0.80 
5 0.46 0.42 0.54 0.61 
6 0.62 0.61 0.64 0.75 
7 0.71 0.65 0.66 0.62 
8 0.51 0.47 0.56 0.63 
9 0.65 0.76 0.64 0.81 
10 0.30 0.35 0.38 0.37 
Mean 0.56 0.56 0.54 0.64* 
+ SD 0.13 0.12 0.18 0.13 
End-Diastolic Volume (ml) 
1 134 146 101 108 
2 82 102 73 77 
3 124 137 71 69 
4 109 129 62 64 
5 142 147 124 126 
6 130 149 108 104 
7 90 107 50 52 
8 180 172 153 150 
9 80 82 71 73 
10 133 148 115 122 
Mean 120 132* 93 95 
+ SD 29 26 33 32 
End-Systolic Volume (ml) 
1 68 77 47 45 
2 38 44 36 32 
3 47 49 26 23 
4 33 50 17 13 
5 77 85 57 49 
6 49 58 39 26 
7 26 37 17 20 
8 88 91 67 56 
9 31 20 26 14 
10 93 91 75 83 
Mean 52 60* 41 36*. 
+ SD 29 25 20 22 
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* p «0.05 versus study at rest. 
SD - standard deviation. 
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NORMAL INDIVIDUALS 


CORONARY HEART PATIENTS 
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174.0 
e 
pa 
© .90 
cc 
LL. 
= .80 
e 
5 
— 
LL 
ac 
= .60 ! 
x: 
a -50 Cut 
I- 
a 
> .40 
— 
ui 
=] .30 e————e 
p<.01 p<.01 p - NS p«.05 FIGURE 1. Ejection fraction response to supine exercise 
i in normal subjects and patients with coronary heart dis- 
l 1 es ease during a control exercise study and after the ad- 
REST PEAK REST PEAK REST PEAK REST PEAK ministration of 0.6 mg of sublingual nitroglycerin 
EXERCISE EXERCISE EXERCISE EXERCISE (POST-NTG). NS = not significant: p = probability. 


although it was still smaller than during the control 
peak exercise period (113 + 31 versus 145 + 34; p <0.01). 
The end-systolic volume responded similarly; that is, 
it was decreased at rest and increased with exercise but 
remained smaller than before the administration of 
nitroglycerin. 

Response to nitroglycerin paste in patients with 
coronary heart disease (group 4) (Table V, Fig. 2, 
4 and 6): The control study showed results similar to 
those seen in group 3 during exercise that is, an increase 
in end-diastolic and end-systolic volumes with no sig- 
nificant change in ejection fraction. After nitroglycerin 
paste, there was a decrease in resting values for end- 
diastolic volume (120 + 29 to 93 + 3 ml; p <0.01) and 
end-systolic volume (52 + 29 to 41 + 20 ml; p <0.05) 
with no significant change in ejection fraction (0.56 + 


NORMAL INDIVIDUALS 


0.13 to 0.54 + 0.12), although stroke volume declined (68 
+ 21 to52 + 17 ml; p < 0.01). 

With exercise (after nitroglycerin paste), ejection 
fraction increased (p <0.05), end-diastolic volume re- 
mained unchanged and end-systolic volume declined. 
The peak exercise ejection fraction after application of 
nitroglycerin paste was greater than that before paste 
(0.64 + 0.13 versus 0.56 + 0.12; p <0.05) and the end- 
diastolic volume was smaller (132 + 26 versus 99 + 32 
ml; p <0.01), as was the end-systolic volume (60 + 25 
versus 36 + 22 ml; p «0.01). 


Comparison of Nitroglycerin Paste and 
Sublingual Nitroglycerin 


Normal subjects: Although neither all the normal 
subjects nor all those with coronary disease underwent 


CORONARY HEART PATIENTS 
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zi 40 FIGURE 2. Ejection fraction responses in the normal 
NK qi subjects and patients with coronary disease during 
> i ; ; 
exercise are shown during the control exercise period 
m 30 as and after the administration of nitroglycerin paste 
= p<.01 p«.0l p - NS p<.05 (POST-PASTE). Note the improvement in the exercise 
response in-the patients with coronary disease after 
SS a EMEN paste was applied. Response of end-diastolic volume 
REST PEAK REST PEAK REST PEAK REST PEAK to exercise after sublingual nitroglycerin. Abbrevia- 
EXERCISE EXERCISE EXERCISE EXERCISE tions as in Figure 1. 
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210 


END - DIASTOLIC VOLUME (mls) 
co 
ce 


90 
FIGURE 3. During exercise, end-diastolic volume did not 70 
change in the normal subjects, but increased in the patients 
with coronary disease. -After sublingual nitroglycerin, 50 


(POST-NTG) end-diastolic volume declined in both groups 
at rest, but increased during exercise in both groups, 
suggesting that the effects of sublingual nitroglycerin were 
transient. Abbreviations as in Figure 2. 


both nitroglycerin and nitroglycerin paste intervention 
exercise studies, certain comparisons can be drawn. In 
the normal subjects there was no significant difference 
between the two normal subgroups when the preinter- 
vention resting values for heart rate, blood pressure and 
double product were compared at rest or at peak exer- 
cise. The same relation held after the interventions; that 
is, resting heart rate, blood pressure and double product 
were not significantly different whether the patients 
were given the sublingual or the cutaneous nitrate 
preparation. 

Exercise function was similar in the control exercise 
study for both normal subgroups; that is, ejection 
fraction increased, end-systolic volume decreased and 
end-diastolic volume did not change. The ejection 
fraction response to either intervention at rest or at peak 
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FIGURE 4. Response of end-diastolic volume to exercise 

after nitroglycerin paste was applied. Note that after paste, 50 
the patients with coronary disease did not show an increase 

in end-diastolic volume at peak exercise, suggesting that the 

venodilatory effects persisted during the entire exercise 

period. Abbreviations as in Figure 2. 
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exercise was not different when the two groups were 
compared (0.64 + 0.06 at rest after sublingual nitro- 
glycerin versus 0.61 + 0.06 at rest after nitroglycerin 
paste, and 0.78 + 0.07 versus 0.76 + 0.04 at peak exer- 
cise, respectively). The decrease from the control value 
at rest for end-diastolic volume (—32 + 6 ml after ni- 
troglycerin and —31 + 7 ml after paste) and end-systolic 
volume (—21 + 4 ml and —16 + 4 ml, respectively) was 
not significant at rest. During exercise, however, end- 
diastolic volume increased after sublingual nitroglycerin 
(+25 + 8 ml; p <0.05)), although not after paste (+3 + 
3 ml; p = NS). 

Patients with coronary heart disease: In these 
patients the double product was not different at rest or 
during exercise before or after either pharmacologic 
intervention (Table I). The postintervention ejection 
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2 40 Eus FIGURE 5. Response of end-systolic volume to exercise after 
m E ! sublingual nitroglycerin. In normal subjects end-systolic 
20 | volume decreased during exercise, and more so after sub- 
Me lingual nitroglycerin was taken (POST-NT G). In patients with 
0 coronary disease the end-systolic volume increased with 
p«.01 p«.05 p.01 p«.05 exercise, and although resting and peak exercise levels were 
l | l j lower after sublingual nitroglycerin, the end-systolic volume 
REST PEAK REST PEAK REST PEAK REST PEAK still increased during exercise. Abbreviations as in Figure 
EXERCISE EXERCISE EXERCISE EXERCISE 2. 


fraction response to exercise was similar in both groups 
(0.56 + 0.14 to 0.63 + 0.15 after nitroglycerin and 0.54 
+ 0.18 to 0.64 + 0.13 after nitroglycerin paste). During 
exercise after sublingual nitroglycerin, end-diastolic 
volume increased (75 + 27 to 113 + 31 ml; p « 0.01), al- 
though peak end-diastolic volume was still smaller than 
the preintervention volume at peak exercise (113 4 31 
versus 145 + 34 ml; p <0.01). Additionally, after sub- 
lingual nitroglycerin end-systolic volume increased 
during exercise (36 + 27 to 45 + 31 ml; p <0.05). After 
paste, end-diastolic volume did not change during ex- 
ercise (93 + 33 to 95 + 32 ml; p = NS), whereas end- 
systolic volume actually declined (41 + 20 to 36 + 22 ml; 
p «0.05). 


Discussion 


A long-held clinical aphorism is that before strenuous 
physical exertion ingestion of nitroglycerin is of benefit 
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to patients with symptomatic coronary heart disease. 
Presumably the reduction in myocardial wall stress and 
myocardial oxygen requirements achieved by the low- 
ering of ventricular preload and outflow impedance 
improves exercise performance and thus reduces exer- 
tional symptoms. In two previously reported studies!7.18 
the left ventricular ejection fraction response at peak 
exercise in patients with coronary artery disease was 
markedly greater after the ingestion of some form of 
nitrate preparation. | 

Effects of sublingual and percutaneous nitro- 
glycerin on ventricular function at rest and during 
exercise: To evaluate the response of left ventricular 
volume and function and arterial pressure to supine 
exercise, we tested both normal subjects and patients 
with coronary artery disease before and after they re- 
ceived either sublingual nitroglycerin or cutaneously 
applied nitroglycerin paste. During the control exercise 
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FIGURE 6. End-systolic volume response in normal subjects 
before and after nitroglycerin paste was applied was similar 
to that of the normal subjects before and after sublingual 


p«.05 p «.05 p«.05 p - NS nitroglycerin was taken. Note that the patients with coronary 

l l i j l l | j disease showed a decline in end-systolic volume after paste 

REST PEAK REST PEAK REST PEAK REST PEAK was applied, although this did not reach statistical signifi- 
EXERCISE EXERCISE EXERCISE EXERCISE cance. Abbreviations as in Figure 2. 
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stage in normal subjects, ejection fraction increased in 
association with an increase in stroke volume, a decrease 
in end-systolic volume and little change in end-diastolic 
volume. After nitroglycerin paste was applied, these 
relations were maintained during exercise, although at 
reduced left ventricular volumes. After the ingestion of 
sublingual nitroglycerin left ventricular volumes de- 
creased at rest. Although ejection fraction again in- 
creased with exercise, end-diastolic volume also in- 
creased. The most likely explanation for this phenom- 
enon is that the blood levels and pharmacologic effect 
of sublingual nitroglycerin dissipated rapidly,^92725 and 
thus the venodilatory effects of this agent declined 
quickly. With the patient bicycling while lying supine, 
blood previously not returned to the heart because of 
venous pooling was rapidly remobilized and this was 
reflected in a gradual increase in left ventricular 
volume. 

In the patients with coronary heart disease the ejec- 
tion fraction decreased or did not change with exercise, 
in association with increases in end-diastolic and end- 
systolic volumes. In a previous study?! we found that 
during exercise most patients with coronary heart dis- 
ease showed little change in end-diastolic volume with 
exercise. However, that study was limited to the use of 
a technique that did not take into account radiophar- 
maceutical decay and that had large errors in estimated 
individual measurements. The technique utilized in the 
present study is far more accurate, and is reproducible 
and has a smaller estimate error and takes into account 
radiopharmaceutical decay.1420:2223 

During exercise after the application of nitroglycerin 
paste, ejection fraction increased significantly, end- 
systolic volume decreased and end-diastolic volume did 
not change, a pattern more typical of normal subjects. 
The reduction of preload induced by nitroglycerin paste 
persisted during exercise. By contrast, after ingestion 
of sublingual nitroglycerin, ejection fraction also in- 
creased with exercise, but in association with an increase 
in end-diastolic volume (although never reaching the 


level of end-diastolic volume seen in the preintervention 
exercise study), documenting the transient effects of 
sublingual nitroglycerin. In both normal subjects and 
patients with coronary disease there was à slight de- 
crease in arterial blood pressure at peak exercise after 
either nitrate, although the peak exercise double 
product tended to be stable. Thus, reduction of blood 
pressure in addition to preload reduction contributes 
to the decrease in myocardial oxygen requirements and 
the improvement in stress-induced left ventricular 
performance. 

Recent reports??-?! have suggested that patients 
undergoing upright exercise demonstrate greater left 
ventricular dilatation with exercise. Possibly some of 
our results might be extrapolated to those exercise data 
with the following reservations: (1) Supine exercise 
would facilitate venous return more than erect exercise 
would; and (2) the reduction in left ventricular volume 
and arterial pressure might be exaggerated in the up- 
right position. Thus, paste may be a more reliable agent 
than sublingual nitroglycerin for unmasking reversible 
asynergy before coronary bypass surgery.?991 

Implications: Nitrate preparations improve the left 
ventricular ejection fraction response to exercise in 
patients with coronary heart disease by reducing pre- 
load and systemic blood pressure. However, the preload 
effect of sublingual nitroglycerin is transient, probably 
continuously changing during exercise, and thus may 
limit serial analyses of individual patients because of 
variable absorption and varying time from actual in- 
gestion to peak exercise. It appears that the prolonged 
salutary effects of nitroglycerin ointment!® are due to 
its prolonged venous capacitance effect in comparison 
with that of the shorter-acting agent, sublingual nitro- 
glycerin. Finally, it appears appropriate to recommend 
a longer-acting nitrate preparation to the patient with 
exertional cardiac symptoms due to coronary heart 
disease when prophylactic therapy is recommended, 
unless the proposed exercise stress is very brief in du- 
ration. 


References 


1. De Maria A, Vismaria L, Auditore K, Amsterdam E, Zelis R, Mason 
D. Effects of nitroglycerin on left ventricular cavitary size and 
cardiac performance determined by ultrasound in man. Am J Med 
1974; 57:754-62. 

2. Williams J, Glick G, Braunwald E. Studies of cardiac dimensions 
in intact unanesthetized man. V. Effects of nitroglycerin. Circulation 
1965; 32:767-74. 

3. Mason D, Braunwald E. The effects of nitroglycerin and amyl nitrate 
on arteriolar and venous tone in the human forearm. Circulation 
1965; 32:755-66. 

4. Burggraf G, Parker J. Left ventricular volume changes after amyl 
nitrate and nitroglycerin as measured by ultrasound. Circulation 
1974; 49:136-42. 

5. Mason D. Afterload reduction and cardiac performance. Am J Med 
1978; 65:106-25. 

6. Taylor W, Forrester J, Magnusson P, Takano T, Chatterjee, Swan 
HJC. Hemodynamic effects of nitroglycerin ointment in congestive 
heart failure. Am J Cardiol 1976; 38:469- 73. 

7. Franciosa J, Cohn J. Hemodynamic responsiveness to short- and 
long-acting vasodilators in left ventricular failure. Am J Med 1978; 
65:126-33. 

8. Hardarson T, Henning H, O'Rourke R. Prolonged salutary effects 


of isosorbide dinitrate and nitroglycerin ointment on regional left 
ventricular function. Am J Cardiol 1977; 40:90-8. 

9. Slutsky R, Curtis G, Battler A, et al. Hemodynamic effects of ni- 
troglycerin by radionuclide equilibrium angiography in patients with 
ischemic heart disease (abstr). Am J Cardiol 1979; 43:427. 

10. Greenberg H, Dwyer E, Johnson A, Pinkernell B. Effects of ni- 
troglycerin on the major determinants of myocardial oxygen con- 
sumption. Am J Cardiol 1975; 36:426-32. 

11. Sarnoff S, Braunwald E, Welch G, Case R, Stainsby W, Marcruz 
R. Hemodynamic determinants of oxygen consumption of the heart 
with special reference to the tension-time index. Am J Physiol 
1958; 192:148-51. 

12. Rodbard S, Williams F, Williams C. The spherical dynamics of the 
heart (myocardial tension, oxygen consumption, coronary blood 
flow an efficiency). Am Heart J 1959; 57:348-52. 

13. Rodbard S, Williams C, Rodbard D, Berglund E. Myocardial tension 
and oxygen uptake. Circ Res 1964; 14:139-49. 

14. Slutsky R, Curtis G, Froelicher V, et al. The effect of sublingual 
nitroglycerin on left ventricular function at rest and during spon- 
taneous angina pectoris: assessment by a radionuclide technique. 
Am J Cardiol 1979; 44:1365-70. 

15. Klaus A, Zaret B, Pitt B, Ross R. Comparative evaluation of sub- 


April 1980 The American Journal of CARDIOLOGY Volume 45 839 


NITRATES AND VENTRICULAR FUNCTION DURING EXERCISE—SLUTSKY ET AL. 


16. 


M. 


18. 


19. 


20. 


21. 


22. 


23. 


840 


lingual long-acting nitrates. Circulation 1973; 48:519-25. 

Awan N, Miller R, Maxwell K, Mason D. Cardiocirculatory and 
antianginal actions of nitroglycerin ointment. Chest 1978: 73: 
14-8. 

Borer J, Bacharach S, Green M, Kent K, Johnston G, Epstein S. 
Effect of nitroglycerin on exercised-induced abnormalities of left 
ventricular regional function and ejection fraction in coronary artery 
disease. Circulation 1978; 57:314-20. 

Steele P, Rainwater J, Jensen D, Vogel R, Battock D. Isosorbide 
dinitrate-induced improvement in left ventricular ejection fraction 
during exercise in coronary arterial disease. Chest 1978; 74: 
526-30. 

Battler A, Froelicher V, Slutsky R, Ashburn W. Relationship of QRS 
amplitude changes during exercise to left ventricular function, 
volumes and diagnosis of coronary heart disease. Circulation 1979; 
60:1004- 14. 

Slutsky R, Karliner J, Ricci D, et al. Left ventricular volume by 
equilibrium radionuclide angiography: a new method. Circulation 
1979; 60:556-64. 

Slutsky R, Karliner J, Ricci D, et al. Response of left ventricular 
volume to exercise in man by radionuclide equilibrium angiography. 
Circulation 1979; 60:565-72. 

Slutsky R, Karliner J, Battler A, et al. Reproducibility of ejection 
fraction and ventricular volume by gated radionuclide angiography 
after myocardial infarction. Radiology 1979; 132:155-61. 
Slutsky R, Walaski S, Gordon D, et al. A simplified method for the 


April 1980 The American Journal of CARDIOLOGY Volume 45 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


calculation of left ventricular volume by equilibrium radionuclide 
angiography (abstr). J Nucl Med 1979: 10:669. 

Ashburn W, Schelbert H, Verba J. Left ventricular ejection fraction. 
A review of several radionuclide angiographic approaches using 
the scintillation camera. Prog Cardiovasc Dis 1978; 20:167- 
284. 

Burow R, Strauss HW, Singleton R, et al. Analysis of left ventricular 
function from multiple gated acquisition (MUGA) cardiac blood pool 
imaging: a comparison with contrast angiography. Circulation 1977; 
96:1024-32. 

Winer BJ. Statistical Principles in Experimental Design. New York: 
McGraw-Hill, 197 1: 570-91. 

Wei J, Reid P. Quantitative determination of trinitroglycerin in 
human plasma. Circulation 1979; 59:588-92. 

Armstrong P, Armstrong J, Marks G. Blood levels after sublingual 
nitroglycerin. Circulation 1979; 59:585-8. Y 

Rerych S, Scholz P, Newman G, Sabiston D, Jones R. Cardiac 
function at rest and during exercise in normals and patients with 
coronary artery disease. Ann Surg 1978; 187:449-61. 

Hellman C, Carpenter J, Garner T, Johnson W, Schmidt D. Re- 
versible left ventricular dysfunction: unmasking by 2-view nuclear 
angiography (abstr). J Nucl Med 1979; 20:662. 

Hellman C, Carpenter J, Fahrenkrug R, Schmidt D. Inadequate 
coronary collateralization: identification by exercise nuclear an- 
giography (abstr). Am J Cardiol 1979; 43:397. 





Ineffectiveness of Sublingual Nitroglycerin in Acute 
Left Ventricular Failure in the Presence of 


Massive Peripheral Edema 


FABIO MAGRINI, MD* 
ANDREAS P. NIARCHOS, MD? 


Milan, Italy 
New York, New York 


From the Istituto Di Ricerche Cardiovascólari, 
Universita di Milano, Milan, Italy* and the Cardio- 
vascular Center and Division of Cardiology, De- 
partment of Medicine, The New York Hospital 
Cornell Medical Center, New York, New York.t 
Manuscript received March 2, 1979; revised 
manuscript received November 2, 1979, accepted 
November 7, 1979. 

Address for reprints: Fabio Magrini, MD, Istituto 
Ricerche Cardiovascolari, Via F. Sforza 35, 20122 
Milan, Italy. 


Although it has been postulated that peripheral edema may reduce venous 
compliance in patients with congestive heart failure, this possibility has 
not yet been investigated. Sublingual nitroglycerin, 1.6 to 2.4 mg, was 
administered to 15 patients with acute left ventricular failure, including 
8 patients without peripheral edema (group |) and 7 patients with massive 
peripheral edema (group II). Baseline hemodynamic variables were similar 
in the two groups. In group I, sublingual nitroglycerin decreased the left 
ventricular filling pressure from 28 + 2 (mean + 1 standard deviation) 
to 14+ 3 mm Hg (p <0.005), whereas cardiac output increased from 3.3 
+ 0.4 to 4.3 + 0.3 liters/min (p <0.005) because of an increase in stroke 
volume. Right atrial pressure decreased from 28 + 3 to 13 + 3 mm Hg 
(p <0.005). In group Il, no significant hemodynamic changes were induced 
by nitroglycerin despite the elevated baseline left ventricular filling 
pressure of 30 + 5 mm Hg and right atrial pressure of 29 + 4 mm Hg. Five 
patients from group Il were rechallenged with sublingual nitroglycerin 18 
days after furosemide therapy, when the peripheral edema had cleared 
(6 kg weight loss). At this time there were significant decreases in left 
ventricular filling pressure (from 13 + 2 to 9 + 2 mm Hg; p <0.025) and 
right atrial pressure (from 13 + 1 to 9 + 2 mm Hg; p <0.005); cardiac 
output was not increased, probably because of the normal baseline left 
ventricular filling pressure. These results indicate that through various 
mechanisms massive peripheral edema decreases venous compliance 
and therefore prevents nitroglycerin from reducing preload. 


Sublingual nitroglycerin has been used extensively in the treatment of 
acute and chronic heart failure,!-? mainly because it relieves the symp- 
toms due to pulmonary congestion by decreasing venous return and 
preload. However, nitroglycerin has minimal effects on the resistance 
vessels and therefore cardiac output increases only modestly.* Cardiac 
output during nitroglycerin administration usually improves consider- 
ably only in patients with heart failure who have elevated left ventricular 
filling pressure (20 mm Hg or greater). In this study we demonstrate that 
even in the latter patients nitroglycerin does not improve cardiac func- 
tion when there is concomitant chronic massive peripheral edema, which 
possibly decreases venous compliance by its mechanical compressive 
and other effects on peripheral veins.? 


Methods 


Patients: Fifteen consecutive patients who were admitted to the hospital with 
acute pulmonary edema due to acute left ventricular failure were studied. All 
were men aged 44 to 71 years. All had recent onset of symptoms of acute left 
ventricular failure (dyspnea, loud rales, orthopnea). The underlying diagnoses 
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were coronary artery disease (seven patients), congestive 
cardiomyopathy (three patients), acute myocardial infarction 
(two patients), mitral insufficiency (two patients) and coro- 
nary artery disease with concurrent mitral insufficiency (one 
patient). Eleven patients had been receiving one or more of 
the following medications: spironolactone, ethacrynic acid, 
furosemide, lanatoside C, digoxin, amiodarone, dipyridamole 
and propanolol. The remaining four patients had received no 
previous treatment. Seven of the 15 patients, in addition to 
having acute pulmonary edema, also had massive peripheral 
edema with pitting in the ankles, pretibial areas, thighs and 
sacral region. These seven patients had recently gained more 
than 6 kg in weight without any change in dietary habits or 
exercise pattern. All had noticed the gradual development of 
swelling in the legs. 

Hemodynamic measurements: Cardiac output determi- 
nations (in triplicate) were made with the thermodilution 
method, with the catheter tip in the pulmonary artery and 
injection of 5 ml of 5 percent dextrose in distilled water (room 
temperature) with an automatic injector (OMP Laboratory). 
A 601 model (Instrumentation Laboratory) cardiac output 
machine was used. A no. 7F thermodilution balloon catheter 
was inserted percutaneously into the right antecubital vein 
and advanced centrally to obtain right atrial, pulmonary 
arterial and pulmonary wedge pressures. Pressures were re- 
corded with use of a Stathman P23db transducer on paper and 
a Gould Brusch eight channel ink recorder. Mean pressures 
were electronically integrated. The mid chest/heart level was 
taken as the reference point. Arterial pressure, obtained in 
triplicate, was recorded with the usual cuff mercury column 
sphygmomanometer. The values reported for cardiac output 
and arterial pressure are the average of three determinations. 
Heart rate was taken from the electrocardiogram, which was 
continuously recorded. Pulmonary wedge pressure was con- 
sidered to represent the left ventricular filling pressure. Mean 
arterial pressure was calculated from the following formula: 
systolic — diastolic pressure/3 + diastolic blood pressure. 
Systemic vascular resistance (SVS) in dynes- s- cm-? was 


TABLE | 


Clinical and Hemodynamic Characteristics (mean values + 
standard deviation) of the Responders and Nonresponders 
to Sublingual Nitroglycerin 





Non- 
responders 
(group II) 


Responders 
(group I) 


Number of patients 
Age (yr) 
Sex (M/F) 8/0 
Weight (kg) 73.8 + 10 
Diagnosis 
Mitral regurgitation (MR) 1 
Congestive cardiomyopathy 1 
Coronary artery disease 4 
MR and coronary artery disease -—— 
Acute myocardial infarction 
Severity of peripheral edema 
(pitting) 
Hemodynamic variables 
Right atrial pressure (mm Hg) 2 
Pulmonary wedge pressure 2 
0 


7 
58 + 11 
7/0 
74.16 


8 
56 + 10 


| — GR — 


2 
(—) to (1+) (4 


= 


(mm Hg) 
Heart rate (beats/min) 1 
Cardiac output (liters/min) 3: 
Mean arterial pressure (mm Hg) 1 
Peripheral resistance 1,9 

(dynes - s - cm^5) 


calculated from the formula SVS = 80 (MAP — RAP)/CO, 
where MAP - mean arterial pressure, RAP - right atrial 
pressure and CO = cardiac output. 

Study protocol: Soon after admission to the hospital all 
patients were given oxygen and, if in pain, morphine. Patients 
with arrhythmias were not included in the study, and no other 
drugs were given prior to or concurrently with nitroglycerin. 
All measurements (heart rate, cardiac output, right atrial 
pressure, pulmonary pressures and systemic arterial pressure) 
were taken during acute left ventricular failure, with the pa- 
tient in stable condition and after a preliminary monitoring 
period of 20 to 30 minutes. Then sublingual nitroglycerin (1.6 
mg) was given and measurements were repeated 10 and 20 
minutes later. In three of the seven patients not responding 
to nitroglycerin (see later) another dose of nitroglycerin (0.8 
mg) was given. After the initial (acute) evaluation of nitro- 
glycerin, furosemide (dose range 160 to 200 mg daily) was 
administered to all patients and digoxin was given as needed. 
In nine patients the hemodynamic effects of sublingual ni- 
troglycerin (1.6 mg) were again investigated 18 days after the 
start of oral treatment with furosemide and digoxin. 

Analysis of results: The patients were categorized as re- 
sponders or as nonresponders to nitroglycerin according to 
the magnitude of the decrease in pulmonary wedge pressure 
and the increase in cardiac output during the initial evaluation 
of nitroglycerin. In the eight responders (group I) nitroglycerin 
decreased the pulmonary wedge pressure to less than 20 mm 
Hg and simultaneously increased cardiac output by at least 
20 percent of the value before treatment. None of these pa- 
tients with acute left ventricular failure had severe concurrent 
peripheral edema as judged from the absence of both previous 
significant weight gain and marked ankle pitting. In the seven 
nonresponders (group II) only small hemodynamic changes 
were observed after administration of sublingual nitroglycerin. 
All seven had, in addition to acute pulmonary edema, severe 
peripheral edema (3 to 4+ ankle pitting and recent weight gain 
of more than 6 kg). Clinical and other data on the two groups 
are summarized in Table I. 

Statistical significance was evaluated by using the Stu- 
dent's t test, paired or unpaired, as appropriate. Correlation 
coefficients were calculated with the Pearson method. Prob- 
ability (p) values of less than 0.05 were accepted as significant. 
The results are given as mean values + 1 standard devia- 
tion. 


Results 


Responders to sublingual nitroglycerin (group 
I) (Table II): Ten minutes after administration of ni- 
troglycerin the following changes occurred in the eight 
patients with acute pulmonary edema without con- 
current severe peripheral edema: Right atrial pressure 
decreased from 27.5 + 3 to 16 + 2 mm Hg (42 + 5 per- 
cent, p <0.0005) and pulmonary wedge pressure was 
lowered from 28 + 2 to 16 + 3mm Hg (41 + 10 percent, 
p <0.0005), whereas cardiac output increased from 3.30 
+ 0.40 to 4.1 + 0.38 liters/min (26 + 7 percent, p 
<0.0005). Mean arterial pressure was slightly but sig- 
nificantly decreased from 108 + 10 to 102 + 8 mm Hg 
(6 + 3 percent, p <0.005) because of a concurrent de- 
crease in systemic vascular resistance from 1,975 + 366 
to 1,677 + 204 dynes-s-cm^? (14 + 8 percent, p 
<0.005). Heart rate did not change significantly. These 
hemodynamic effects persisted and were more pro- 
nounced 20 minutes after administration of nitroglyc- 
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erin. The improvement occurred in all patients in this 
group and was associated with clinical improvement, 
including diminution of pulmonary rales and dyspnea. 
In the responders the increase in cardiac output 20 
minutes after administration of nitroglycerin correlated 
with the control left ventricular filling pressure (r = 0.75, 
p <0.05). The magnitude of the increase in cardiac 
output also correlated with the control output (r = 
—0.80, p «0.01). 

During oral treatment with furosemide and digitalis, 
further improvement was noted (Fig. 1), and the group 
had an average weight loss of 2.3 + 1.4 kg on the 18th 
day of treatment with these drugs. At this time restudy 
of the effects of sublingual nitroglycerin (1.6 mg) in four 
patients from this group revealed the following changes: 
An increase in heart rate from 69 + 5 to 78 + 7 beats/ 
min (12 + 7 percent, p <0.005) and a decrease in right 
atrial pressure from 15 + 2 to 9 + 2 mm Hg (404+ 5 
percent, p <0.005) and in pulmonary wedge pressure 
from 12.5 + 3 to 9 + 2 mm Hg (28 + 6 percent, p 
<0.005). Cardiac output did not change significantly 
(from 4.47 + 0.1 to 4.42 + 0.2 liters/min). Mean arterial 
pressure decreased slightly from 108 + 6 to 103 + 4 mm 
Hg (p «0.05). Systemic vascular resistance did not 
change significantly (1,655 + 170 versus 1,706 + 116 
dynes - s - cm^?). 

Nonresponders to sublingual nitroglycerin 
(group II) (Table III): Nitroglycerin was ineffective 
in the seven patients with acute left ventricular failure 
associated with concurrent massive peripheral edema. 
Thus, heart rate was unchanged (105 + 11 beats/min) 
after nitroglycerin, right atrial pressure decreased only 
slightly from 29 + 4 to 27 + 3 mm Hg (p <0.05), and 
there was no change in pulmonary wedge pressure (30 
+ 2 versus 29 + 5 mm Hg) or cardiac output (3.37 + 0.41 
versus 3.41 + 0.48 liters/min). Mean arterial pressure 
decreased slightly from 109 + 10 to 104 + 10 mm Hg (p 
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FIGURE 1. Comparison of the hemodynamic effects of sublingual ni- 
troglycerin in four patients with acute left ventricular failure (but without 
concurrent severe peripheral edema) before and after oral therapy with 
digitalis and furosemide. HR = heart rate; LVFP = left ventricular filling 
pressure. 


<0.05) 20 minutes after nitroglycerin and systemic 
vascular resistance decreased slightly but not signifi- 
cantly from 1,922 + 417 to 1,895 + 179 dynes - s - cm~5. 
In three patients even a total dose of 2.4 mg of nitro- 
glycerin produced no hemodynamic or clinical im- 
provement. 

In contrast, oral treatment with digitalis and di- 
uretic drugs was followed by clinical improvement (Fig. 
2). An average weight loss of 6.94 + 0.61 kg was docu- 
mented in these patients 18 days after oral drug treat- 
ment. At this time sublingual nitroglycerin (1.6 mg) 
administered to five patients resulted in a reduction in 
right atrial pressure from 13 1 to 9 + 2.5 mm Hg (32 
+ 15 percent, p <0.005) and in pulmonary wedge pres- 
sure from 13 1 to 9 + 2.5 mm Hg (32 + 15 percent, p 
<0.005); cardiac output did not change significantly 
(4.26 + 0.18 liters/min before versus 4.30 + 0.20 after 
nitroglycerin). Heart rate increased slightly but sig- 
nificantly from 71 + 6 to 76 + 4 beats/min (7 + 4 per- 
cent, p <0.05). Mean arterial pressure and systemic 
vascular resistance remained about the same before and 
after nitroglycerin (these values were 109 + 3 and 107 
+ 3 mm Hg and 1,804 + 75 and 1,817 + 73 dynes -s - 
cm^5, respectively). 

Responders versus nonresponders to sublingual 
nitroglycerin: The control clinical and hemodynamic 
data in the two groups are shown in Table I and the re- 
sponses of right atrial pressure, pulmonary wedge 
pressure, cardiac output and systolic blood pressure to 
sublingual nitroglycerin are compared in Figure 3. In 
the responders nitroglycerin produced a decrease in 
right atrial pressure of 12 + 2 mm Hg and in pulmonary 
wedge pressure of 11 + 3 mm Hg, whereas it caused an 
increase in cardiac output of 0.83 + 0.17 liters/min. In 
the nonresponders the changes were 2 + 2 mm Hg, 1 + 
2 mm Hg and 0.2 + 0.1 liters/min, respectively. These 
statistically significant differences (p «0.05 or less) 
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FIGURE 2. Comparison of the effects of massive peripheral edema (PE) 
on the hemodynamic response of five patients to sublingual nitroglyc- 
erin. In the presence of peripheral edema the cardiac filling pressures 
were not decreased. After clearance of edema a marked reduction was 
observed. CO = cardiac output; HR = heart rate; LVFP = left ventricular 
filling pressure; RAP = right atrial pressure. 
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persisted throughout the 20 minute period after nitro- 
glycerin. Differences in systolic blood pressure and heart 
rate were not significant. During oral drug treatment 
the weight loss (taken to represent loss of edema fluid) 
in the nonresponders was significantly greater than that 
in the responders (6.94 + 0.61 versus 2.4 +1.4kg, p 
<0.005). During the repeat study, the hemodynamic 
changes induced by nitroglycerin were similar in the 
four patients from group I and the five patients from 
group II whose control left ventricular filling pressures 
had decreased to less than 15 mm Hg (Fig. 1 and 2). 

Hemodynamic effects of sublingual nitroglycerin 
in the presence of normal left ventricular filling 
pressure: In nine patients (four from group I and five 
from group II who are analyzed together in this section), 
after oral therapy with furosemide and digitalis, the left 
ventricular filling pressure was decreased to within 
normal limits (range 9 to 15 mm Hg). In these patients 
sublingual nitroglycerin (1.6 mg), as assessed at the 10 
minute monitoring period, further decreased right atrial 
pressure from 14 + 2 to 9 + 2 mm Hg (36 + 7 percent, 
p <0.001) and pulmonary wedge pressure from 13 + 2 
to 9 + 2 mm Hg (31 + 11 percent, p <0.001) and in- 
creased heart rate from 70 + 5 to 78 + 7 beats/min (12 
+ 1 percent, p <0.005) without any concurrent signifi- 
cant change in cardiac output (from 4.35 + 0.18 to 4.35 
+ 0.19 liters/min) (Fig. 4, curve 3A to 3B). There was no 
change in mean arterial pressure (108 + 5 versus 105 + 
4 mm Hg) or systemic vascular resistance (1,738 + 140 
versus 1,767 + 106 dyn- s - cm). 
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FIGURE 3. Sequential hemodynamic responses to sublingual nitro- 
glycerin (NTG) in eight patients in group | (open circles [no severe 
peripheral edema]) and in seven patients in group Il (closed circles 
[severe peripheral edema]). Asterisk denotes p of 0.05 or less. CO = 
cardiac output; PW — pulmonary wedge pressure; RAP - right atrial 
pressure; SBP = systolic blood pressure. 
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Discussion 


Hemodynamic effects of nitroglycerin in the 
responders: In the responders to sublingual nitro- 
glycerin a decrease in right atrial and pulmonary wedge 
pressures was associated with a concurrent increase in 
cardiac output without significant change in heart rate. 
Arterial pressure and peripheral resistance were also 
slightly but significantly decreased. These results taken 
together suggest that the improvement in left ventric- 
ular function (Fig. 4, curve 2A to 2B) was primarily a 
result of the reduction in preload caused by the decrease 
in venous return due to venous pooling; however, the 
smaller reduction in afterload probably contributed to 
the improvement in cardiac output (increase in stroke 
volume). 

Controversy exists regarding the hemodynamic re- 
sponse to nitrates, which have been said to decrease 
consistently left ventricular filling pressure but to have 
variable effects on cardiac output in patients with heart 
failure.’-!2 We believe that our study is the first to 
demonstrate that an elevated left ventricular filling 
pressure is not always decreased by nitroglycerin, 
especially when massive peripheral edema is present, 
as in our nonresponders before treatment with furo- 
semide and diuretic drugs. Furthermore, we found that 
a decrease in left ventricular filling pressure is not 
consistently associated with improvement in cardiac 
output, especially when the left ventricle is working on 
the ascending limb of its function curve (Fig. 4, curve 
3A to 3B). 

In the patients responding to nitroglycerin there was 
a significant correlation between the control left ven- 
tricular filling pressure and the change in cardiac output 
induced by nitroglycerin, the greater increase in output 
occurring in the patients with the higher initial left 
ventricular filling pressure. A similar relation was re- 
ported by Gold et al.’ and Franciosa et al., but not by 





3B 
50 
[ 3A 
28 
Cardiac 
output ao. (P<0.01) 
(L/min) 
2A 
iB 
lA 
t MN 
30 - -—-— | ———5 | — EE Loos 
0 10 20 30 40 





LVFP (mm Hg) 


FIGURE 4. Effects of sublingual nitroglycerin on left ventricular function. 
Curve 1A to 1B = initial study, seven patients with severe peripheral 
edema. Curve 2A to 2B = initial study, eight patients without severe 
peripheral edema. Curve 3A to 3B = repeat study in nine patients after 
oral furosemide, normal control left ventricular filling pressure (LVFP). 
See text for details. ; 
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Williams et al.,9 who noted a decrease in cardiac output 
with sublingual nitroglycerin regardless of the control 
left ventricular filling pressure. However, in the latter 
study? all patients had an acute myocardial infarction 
associated with myocardial wall abnormalities, which 
may impair myocardial contractility.!? In addition our 
data show that the response of cardiac output to sub- 
lingual nitroglycerin is also influenced by the level of 
cardiac output before treatment. The greatest increase 
in output occurred in the patients with the lowest initial, 
as has also been observed with nitroprusside.!4 

Ineffectiveness of nitroglycerin in the presence 
of massive peripheral edema: Seven of our patients 
(group II) did not respond to sublingual nitroglycerin 
despite a markedly elevated left ventricular filling 
pressure before treatment. The obvious difference be- 
tween these patients and the responders (group I) was 
the presence of massive peripheral edema in the non- 
responders, as judged from the clinical examination and 
the considerable weight loss after diuretic therapy. The 
diagnoses, baseline hemodynamic profile,!56 age of the 
patients and clinical severity of acute left ventricular 
failure were similar in the two groups. 

Several factors could account for the ineffectiveness 
of nitroglycerin to produce venous and arteriolar di- 
latation in the presence of massive peripheral edema. 
First, it is possible that an inadequate pharmacologic 
effect could explain the failure of ‘nitroglycerin to reduce 
preload in group II. This seems unlikely because even 
a dose of 2.4 mg did not decrease the cardiac filling 
pressures in these patients when massive peripheral 
edema was present, whereas a smaller dose given after 
the clearance of the peripheral edema considerably 
decreased both the right atrial and the pulmonary 
wedge pressures in the same patients (Fig. 2). However, 
although it has been shown that sublingually adminis- 
tered nitroglycerin can be detected within 2 to 3 minutes 
in the plasma of normal volunteers or in patients with 
acute myocardial infarction,!^!? pharmacokinetic 
studies are not available in our patients with congestive 
cardiac failure, a state that may alter the bioavailability 
of sublingually administered nitroglycerin. Intrave- 
nously administered nitroglycerin might have been 
more effective. 

Second, a greater degree of peripheral venocons- 
triction, resulting from excessive sympathetic stimu- 
lation,!? might have opposed the venorelaxant effect of 
nitroglycerin in the patients with the severe peripheral 
edema, although the similarity of the baseline heart rate 
and systemic hemodynamics in the responders and 
nonresponders would tend to exclude this possibility. 
To test this hypothesis sublingual nitroglycerin should 
be given to the patients with edema before and during 
alpha adrenergic blockage,® but this was not done in our 
study. However, Zelis? reported that even when phen- 
tolamine was given to patients with congestive cardiac 
failure, only 18 percent of the increased venous tone 
could be attributed to sympathetically mediated 
venoconstriction. 

Third, it is possible that in patients with chronic 
congestive cardiac failure the walls of veins and arteri- 


oles contain an increased amount of sodium or water, 
or both, or are otherwise structurally altered, as has 
been documented in the arterioles of animals with 
congestive heart failure?*; these secondary changes may 
render the venous smooth muscle resistant to the 
vasodilatory effect of nitroglycerin. The restoration of 
responsiveness to nitroglycerin after intensive diuretic 
therapy would support such a possibility. 

Fourth, the use of digitalis, which increases venous 
tone,”! cannot be a factor because all of our patients 
were receiving this agent and preload reduction by ni- 
troglycerin occurred after resolution of the peripheral 
edema in the same patients who were taking digitalis. 
Previous medications were not responsible for the re- 
sistance to nitroglycerin because most patients were 
receiving diuretic drugs, and none of the nonresponders 
had received nitrates, which might have resulted in ni- 
trate tolerance. 

Several other possible explanations for the observed 
differences between responders and nonresponders to 
nitroglycerin are worthy of consideration. It is possible 
that the nonresponders had more severe myocardial 
dysfunction and that their heart failure was of longer 
duration, affecting both the right and the left ventricle. 
However, decreased venous distensibility has been ob- 
served in patients with nephrotic edema and in the 
absence of heart failure. Nevertheless, it is possible that 
in advanced right ventricular failure the surrounding 
edema fluid might fill the venous system immediately, 
even though venous dilatation has occurred, thus ob- 
scuring the effect of nitroglycerin on venous pressure. 
Furthermore, it is possible that massive peripheral 
edema is associated with significant blood volume 
overload and that the peripheral venous bed is therefore 
already maximally distended, thus limiting the veno- 
dilatory effect of nitroglycerin. 

Finally, the most likely explanation for the inef- 
fectiveness of sublingual nitroglycerin in reducing 
preload and afterload in our nonresponders was the 
inability of peripheral veins and arterioles to dilate 
because of external mechanical compression by the 
massive accumulation of subcutaneous fluid. It is known 
that an augmented extravascular fluid volume increases 
the interstitial tissue pressure, which changes from 
negative to positive.?2?? Experimental work24 has shown 
that tissue pressure is related to the amount of edema, 
as can be judged from the weight gain of the edematous 
limb; furthermore, a possible role of edema in regulating 
venous tone in congestive heart failure has been sug- 
gested.?? Venous distensibility is also decreased in ne- 
phrotic edema.?6 Whether the distribution of edema in 
different regions of the body (legs only, legs and trunk, 
splanchnic beds) influences differently the response of 
total venous capacitance to sublingual nitroglycerin 
cannot be determined from our study. 

Implications: Venous responsiveness to nitroglycerin 
was restored in five patients after peripheral edema was 
cleared with diuretic drugs (Fig. 2). A similar observa- 
tion was made by Zelis? in one patient who was given 
sodium nitrite. Partial restoration of venous respon- 
siveness to alpha adrenolytic drugs is known to occur 
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after appropriate therapy of heart failure,? but resto- 
ration of venous responsiveness to nitroglycerin, to our 
knowledge, has not been previously described. It is 
surprising that recent reviews^?? on the effectiveness 
of vasodilators (including nitroglycerin) in the treat- 
ment of congestive heart failure do not include infor- 
mation on the possible limiting role of massive periph- 





eral edema. Although resistance to nitroglycerin in our 
patients with peripheral edema may prove to be due to 
an inadequate pharmacologic effect, further studies are 
required to examine the possible mechanisms by which 
peripheral edema affects venous and arteriolar com- 
pliance and consequently the effectiveness of vasodi- 
lators in patients with congestive heart failure. 
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The prevalence of arrhythmias, associated symptoms and the effect of 
antiarrhythmic therapy were studied in 33 patients with hypertrophic 
obstructive cardiomyopathy (mean follow-up period 4.7 years). Ar- 
rhythmias were found in 29 patients (88 percent) and were potentially 
life-threatening in 13 (39 percent). Most patients had more than one type 
of arrhythmia. All patients were symptomatic at initial evaluation: A history 
of syncope was noted in 12 patients, of presyncope in 27 and of palpita- 
tions in 23. All patients received large doses of propranolol (more than 
240 mg/day or more than 3.5 mg/kg per day; average 460 mg/day or 6.7 
mg/kg per day) for treatment of hypertrophic obstructive Cardiomyopathy. 
In addition, pacemaker insertion or additional antiarrhythmic therapy was 
required in 10 patients; these patients underwent repeated Holter moni- 
toring until arrhythmia control was documented, and at least at yearly 
intervals thereafter. 

Although some patients had arrhythmias, including short runs of ven- 
tricular tachycardia, in the absence of symptoms during ambulatory 
monitoring and others had symptoms in the absence of rhythm distur- 
bances, the relation between suppression of potentially life-threatening 
arrhythmias and symptomatic improvement was Striking: potentially 
life-threatening arrhythmias were suppressed in all but one patient, pal- 
pitations and episodes of presyncope have decreased in most, syncope 
has been eliminated in all and there have been no deaths. In addition, atrial 
fibrillation appears to have been prevented. Symptomatic improvement 
was independent of the severity of left ventricular outflow tract obstruc- 
tion. 

It is concluded that Holter monitoring and stress testing should be a 
routine part of the evaluation of all patients with hypertrophic cardiomy- 
opathy and that aggressive therapy of potentially life-threatening ar- 
rhythmias results in a lessening of palpitations and episodes of presyncope 
and syncope and appears to prevent sudden death in these patients when 
combined with large doses of propranolol. 


Initial investigations!-4 of hypertrophic obstructive cardiomyopathy 
reported a low prevalence rate of rhythm disturbances. Symptoms were 
generally attributed to left ventricular outflow obstruction and massive 
left ventricular hypertrophy. Only sporadic reports appeared docu- 
menting arrhythmias such as atrial tachycardia,” asystole,? complete 
heart block,® atrial fibrillation,’ ventricular tachycardia® and ventricular 
fibrillation*? as the factors responsible for syncope. More recently, with 
the use of Holter electrocardiographic monitoring and exercise stress 
testing, a previously unsuspected high prevalence rate of arrhythmias 
has been found.!9-1? However, to date there are no comprehensive studies 
on the clinical relevance of arrhythmias to the natural history of the 
disease and the effect of antiarrhythmic therapy on symptoms. The ef- 
fects of aggressive search and treatment of arrhythmias on the preven- 
tion of syncope, presyncope and, possibly, sudden death are the subjects 
of this report. 
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Methods 


Patients: The study group consisted of symptomatic pa- 
tients with hypertrophic obstructive cardiomyopathy docu- 
mented by cardiac catheterization between 1968 to 1978 with 
use of standard hemodynamic and angiographic criteria.? Only 
patients who were willing to adhere to the long-term protocol 
of propranolol treatment to be described and who had un- 
dergone exercise stress testing and Holter monitoring were 
included. No patient was excluded because of the severity of 
symptoms or disability. 

These criteria were met by 33 patients (18 male) whose age, 
hemodynamic findings and treatment schedule are listed in 
detail in Table I. Once the diagnosis of hypertrophic ob- 
structive cardiomyopathy was confirmed by cardiac cathe- 
terization, all patients were placed on a treatment regimen of 
large doses of propranolol (240 or more mg/day or 3 or more 
mg/kg per day; average 460 mg/day or 6.7 mg/kg per day) for 
the management of hypertrophic cardiomyopathy according 
to our previously reported protocol.!? All were followed up at 
regular intervals to assess the response of symptoms, disability 
and mortality to treatment. 

Treatment protocol: Immediately after confirmation of 
the diagnosis of hypertrophic obstructive cardiomyopathy by 
catheterization, the patients were given 40 mg of propranolol 
every 6 hours and the unit dose was increased by 20 mg in- 
crements at 24 to 48 hour intervals until the pulse rate during 
standing rest was between 50 and 60/min. Complete blockade 
of both the chronotropic and inotropic effects of beta stimu- 
lation with isoproterenol, as tested during cardiac catheter- 
ization in our laboratory, consistently required daily doses of 
propranolol of 320 mg/day or greater.!? Rhythm disturbances 
were identified by Holter monitoring and stress testing as 
described later. Treatment was given only for potentially 
life-threatening tachy- or bradyarrhythmias; for these, anti- 
arrhythmic drugs and pacemakers were used in addition to 
propranolol when required. By selection, all patients were 
symptomatic prior to the institution of therapy. The preva- 
lence of chest pain and dyspnea and their response to treat- 
ment are described in our previous report.!? This communi- 
cation includes only the evaluation of palpitations and epi- 
sodes of presyncope and syncope and their relation to the 
associated rhythm disturbances and antiarrhythmic 
therapy. 

Symptoms score: Each patient was questioned and graded 
for the severity of palpitations, presyncope and syncope ac- 
cording to modified New York Heart Association criteria as 
follows: 

Syncope: 0 = none; 1+ = only one episode in the last year, 
daily routine slightly comprised (usually by anxiety); 2+ = 
more than one episode of syncope over the last year, daily 
routine moderately compromised; and 3+ = frequent or 
prolonged episodes of syncope, daily routine severely com- 
promised. 

Presyncope (dizzy spells not related to other organ system 
disease): 0 = none; 1+ = dizzy spells with greater than usual 
activity or only transient orthostatic dizziness, daily routine 
slightly compromised; 2+ = dizzy spells with ordinary activity, 
daily routine moderately compromised; and 3+ = frequent 
dizzy spells occurring with less than ordinary activity, daily 
routine severely compromised. 

Palpitations: 0 = none; 1+ = palpitations only with greater 
than ordinary activity, daily routine slightly compromised; 
2+ = palpitations with ordinary activity, cardiac status 
moderately compromised; and 3+ = palpitations with less 
than usual activity or very frequent, daily routine severely 
compromised. 
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Exercise stress testing: All patients had an exercise stress 
test during their initial clinical evaluation and at regular in- 
tervals to determine exercise tolerance, rhythm disturbances 
and their response to therapy. The patients exercised at least 
2 hours postprandially on a motorized treadmill (Quinton 
Instrument Company, Seattle, Washington), according to the 
Bruce protocol.!^ Modified electrocardiographic leads Vo, V5 
and aVF and a vectorcardiographic Z lead were monitored 
simultaneously. Electrocardiographic signals were displayed 
on an oscilloscope (Electronics for Medicine) and recorded 
photographically at 3 minute intervals. T'he entire test was 
also recorded on magnetic tape from which additional samples 
could be obtained. A variable control period (1 to 3 minutes) 
preceded exercise with the patient resting erect, until the heart 
rate stabilized. Patients were encouraged to exercise maxi- 
mally. The end point was the development of angina, marked 
fatigue, dyspnea, dizziness or frequent premature ventricular 
complexes with couplets or salvos. Exercise was not termi- 
nated on the development of occasional ventricular premature 
complexes only. The number of ventricular premature com- 
plexes occurring during exercise and a 10 minute recovery 
period was noted. 

Holter monitoring: Holter monitoring was performed 
using an Avionics tape-recording system (Del Mar-Avionics, 
Irvine, California). Initially 10 to 12 hours of electrocardio- 
graphic monitoring were obtained only when palpitations, 
presyncope or syncope occurred. Later, 24 hour recordings 
became routine even when rhythm disturbance was not sus- 
pected, at least at first evaluation and at yearly intervals. The 
tapes were scanned at high speed on an Avionics Electrocar- 
dioscanner by an experienced technician. When arrhythmia 
was suspected, that portion of the tape was rerun at normal 
speed and printouts were obtained. The printed records were 
interpreted by a cardiologist. Rhythm disturbances were 
classified, utilizing the grading system of Lown et al.!? for 
ventricular premature complexes. All grades, rather than 
the highest grade only, of premature ventricular complexes 
present were listed for each patient according to this classi- 
fication. 

The following categories were used: grade 0 = no ventricular 
premature complexes; grade 1 = occasional, isolated com- 
plexes; grade 2 = frequent complexes (more than 1/min or 
30/hour); grade 3 = multiform ventricular premature com- 
plexes; grade 4 = repetitive ventricular premature complexes 
(4A = couplets, and 4B = salvos [short runs of ventricular 
tachycardia of three or more consecutive complexes]); and 
grade 5 = R on T phenomenon. 

Only grades 4A and 4B were considered potentially life- 
threatening. Grades 3 and 5 in themselves were not consid- 
ered potentially life-threatening in light of recent reports 
supporting this contention!® and our own experience. Pro- 
longed sinus pauses or asystole and bradycardia (heart rate 
less than 40 beats/min) in the absence of propranolol were also 
considered potentially dangerous. Moreover, prolonged epi- 
sodes of supraventricular tachycardia, atrial flutter or atrial 
fibrillation were considered potentially life-threatening be- 
cause the associated marked reduction or complete loss of 
effective atrial contraction has a detrimental effect on the 
filling of the severely hypertrophied, noncompliant left ven- 
tricle in hypertrophic obstructive cardiomyopathy. 

Evaluation of antiarrhythmic therapy with Holter 
monitoring: The aim of antiarrhythmic therapy was to 
eliminate or decrease the number of malignant premature 
ventricular complexes (grades 4A and 4B) and prevent pro- 
longed episodes of symptomatic tachy- or bradyarrhythmias. 
Holter recordings were obtained 24 to 72 hours after antiar- 
rhythmic drugs were added or their dosage changed in order 
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to document the suppression of malignant arrhythmias, be- 
cause spontaneous variations in ventricular ectopic activity 
often mimic antiarrhythmic drug response. Subsequently, 
additional Holter recordings were obtained at least at yearly 
intervals during the follow-up period. Because our Holter 
scanning equipment was not computerized, the absolute 
number of premature complexes before and after antiar- 
rhythmic therapy could not be estimated; thus, antiarrhyth- 
mic effect could not be evaluated by demonstrating an 83 
percent reduction in ventricular ectopic activity in a single 
repeated Holter recording, as suggested by Morganroth et al.!? 
Instead, antiarrhythmic effect was judged to be effective when 
total suppression of grades 4A and 4B and a reduction of grade 
2 to grade 1 or 0 were documented in several subsequent 
Holter recordings (range two to eight; average three per pa- 
tient). 
Results 

The rhythm abnormalities present in each patient, 
the treatment and result of the latest Holter monitoring 
up to December 1978 are listed in Table I. Arrhythmias 
were found in 29 patients (88 percent). 

Supraventricular arrhythmias: Ectopic atrial ac- 
tivity was found in 23 patients (70 percent). Of these, 
12 (36 percent) had paroxysmal atrial tachycardia, and 


one had paroxysmal atrial flutter. No patient had atrial 
fibrillation initially or later. Supraventricular ar- 
rhythmias were considered potentially life-threatening 
in five patients (15 percent). Three had prolonged 
symptomatic episodes of paroxysmal tachyarrhythmias 
requiring emergency therapy: paroxysmal atrial 
tachycardia in two and atrial flutter in one. In addition, 
two patients had life-threatening arrhythmias sugges- 
tive of sick sinus syndrome: Patient 1 had an 18 second 
period of asystole (Fig. 1) and Patient 10 had sinus 
bradycardia, prolonged P-R interval, sinus pauses of up 
to 1.9 seconds in duration, preexcitation and short runs 
of paroxysmal atrial tachycardia. 

Ventricular arrhythmias: Ventricular premature 
complexes were found in 27 patients (82 percent). 
Seventeen had Grade 2 ectopic activity, of whom 11 
(Patients 1 to 11, Table I) had life-threatening ven- 
tricular premature complexes: Five (15 percent) had 
short runs of ventricular tachycardia and six (18 per- 
cent) had frequent couplets. Ventricular tachycardia 
and couplets were more common if the patient had 
frequent premature ventricular complexes. All patients 
with salvos and all but one with couplets had grade 2 


TABLE | 
Summary of Rhythm Disturbances and Their Therapy in 33 Patients With Hypertrophic Obstructive Cardiomyopathy 
Rhythm Disturbances * Symptom Scoret 
Race, Pre Functional Stimulated 
Sex, Follow- Before After Palpi- Syn- Syn- Total Orifice Gradient 
Case Age(yr) Up Years Therapy Therapy Treatment! tations cope cope Score (cm?)8 (mm Hg) 
1 WM 35 6 2,3,4A,4B,5; 1,3; Propranolol 480 2/1 3/1 3/0 8/2 0.7/1.1 86/50 
Idio R, asys- PAC DPH 400 
tole, PAC, Pacemaker 
LAFB 
2 WM 53 6.5 2,3,4A,4B; 1 Propranolol 360 1/0 3/1 3/0 7/1 1.3 135 
PAC Disopyramide 600 
3 WF 43 9.5 2,3,4B,5; 1; Propranolol 480 1/0 3/0 2/0 6/0 NG/NG 30/0 
1? AVB, LAFB 1° AVB, Quinidine 1600 
PAC 
4 WM 43 7:9 2,3,4A,4B; 1 Propranolol 480 1/0 1/0 0/0 2/0 2.00NG 124/0 
PAC Procaine 2000 
5 BF 33 3.5 2,3,4A; ;3; Propranolol 480 1/0 1/0 0/0 2/0 1.0/0.9 218/97 
PAC, PAT PAC 
6 WM 39 6 2,3,4A,5; 1 Propranolol 640 1/1 1/0 0/0 2/1 0.6/1.8 192/46 
PAC, PAF Quinidine 1600 
7 BM 34 3.5 2,3,4A,4B; 1 Propranolol 460 2/0 2/1 0/0 4/1 NG/NG 50/14 
PAC, LAFB Disopyramide 600 
8 BF 56 4.5 2,4A; 0; Propranolol 480 2/1 2/0 0/0 4/1 0.6/0.6 180/110 
PAC, PAT PAT Quinidine 1200 
9 WF 61 6 2,4A; 1,3,4A; Propranolol 480 0/0 1/0 140%: . 270 NG 90 
PAC, PAT PAC, PAT 
10 BF 59 0.5 1,4A; t Propranolol 400 3/2 3/1 3/0 9/3 0.7 110 
PAC, PAT PAC Pacemaker 
1? AVB, 
P.E., sinus 
pauses 
11 WF 21 1 2,4A; 1; Propranolol 320 1/0 0/0 0/0 1/0 0.8/1.0 140/34 
PAC, PAT, PAC-1°, Quinidine 800 
1° AVB AVB 
12 BM 32 2 0; 0; Propranolol 480 3/0 3/1 3/0 9/1 0.6 108 
PPAT PAC 
13 BF 15 4.5 t , Propranolol 400 3/0 0/0 0/0 3/0 1.9/2.1 90/30 
PAC, PPAT, PAC, DPH 400 
P.E. P.E. 
14 BM 46 5.5 E T Propranolol 240 0/0 0/0 0/0 0/0 2.2/NG 61/0 
PAC, PAT PAC 
15 WM 36 3 2,3 0 Propranolol 480 3/1 2/2 0/0 5/3 1.8 110 
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TABLE | (continued) 
Summary of Rhythm Disturbances and Their Therapy in 33 Patients With Hypertrophic Obstructive Cardiomyopathy 











Rhythm Disturbances* Symptom Scoret 
Race, Pre Functional Stimulated — 
Sex, Follow- Before After Palpi- Syn-  Syn- Total Orifice | Gradient 
Case Age (yr) Up Years Therapy Therapy Treatment! tations cope cope Score (cm?)8 (mm Hg) 
16 BM 56 3.5 a 1; Propranolol 480 0/0 2/2 0/0 2/2 2.0 80 
PAC, LAFB PAC, LAFB 
CRBBB 
17 WF 57 85 2,3 1; Propranolol 480 3/0 3/0 3/0 9/0 0.8/0.6 67/70 
PAT, 1? AVB PAC, 
CLBBB 1? AVB, 
CLBBB 
18 WM 54 &B 2 i: Propranolol 320 0/0 0/0 0/0 0/0 0.6 220 
PAC, PAT PAC, PAT 
19 WM 38 2.5 * 1; Propranolol 400 0/0 2/1 0/0 2/1 1.3/2.7  146/9 
PAC, PAT PAC, PAT 
20 WM 51 7 1,3; 0; Propranolol 480 2/0 2/1 2/0 6/1 1.6/1.3 86/22 
1° AVB-LAFB 1° AVB, 
i LAFB 
21 WM 51 5.5 1,3 0 Propranolol 460 0/0 2/1 2/0 4/1 0.7/1.4 122/78 
22 BM 33 2 1; 0; Propranolol 480 1/0 2/1 1/0 4/1 2.1 37 
PAC, PAT PAC 
23 BM 34 L5 1; 0; Propranolol 480 1/0 2/1 1/0 4/1 1.1/NG 120/0 
PAC PAC 
24 WM 35 a5 2 1 Propranolol 480 0/0 0/1 1/0 1/1 2.6/NG 42/0 
25 WF 75 55-10 0; Propranolol 320 0/0 3/2 0/0 3/2 NG 66 
PAC, 1? AVB PAC, 
1? AVB 
26 WM 62 1.5 1,3; 0 Propranolol 240 0/0 1/0 0/0 1/0 1.4 76 
PAC 
27 BF 62 1 1,9; 1.3; Propranolol 320 2/0 2/1 2/0 6/1 3.1 72 
PAC PAC 
28 WF 47 1 Lo; 1 Propranolol 480 2/1 1/0 0/0 3/1 0.65 108 
PAC, PAT 
29 BF 46 1 * ; Propranolol 640 1/1 1/0 0/0 2/1 3.1 88 
PAC PAC 
30 WF 57 4.5. x, D 0 Propranolol 480 3/1 2/1 3/0 8/2 1.5/NG 94/28 
P.E. 
31 WM 23 10 0 0 Propranolol 400 1/0 0/0 0/0 1/0 1.2/2.0 180/11 
33 WF 51 3 0 0 Propranolol 640 0/0 2/0 0/0 2/0 1.3/0.5 178/125 
34 WF 52 2 0 0 Propranolol 480 1/1 1/1 0/0 2/2 NG 90 
Mean 45 4.7 Mar Propranolol 460 1.2/0.3 1.6/0.6 0.9/0 3.8/0.9  1.7/2.1 109/38 
+SD 13 2.8 ow 96 1.1/0.5 1.0/0.7 1.2/0 2.7/0.9 1.0/1.2 50/40 


* Rhythm disturbances found before and after therapy until December 1978. 


t Daily dose in mg. 


t For each patient the first number is the initial symptom grade and the second is the grade after therapy until December 1978. 

$ Resting subvalve functional orifice as calculated with Gorlin's formula. NG = no gradient, functional orifice assumed to be 3.5 cm*. A second 
number for functional orifice and stimulated gradient is given for those patients with a second catheterization. 

CLBBB = complete left bundle branch block; CRBBB = complete right bundle branch block; DPH = diphenylhydantoin sodium; 1° AVB = first 
degree atrioventricular block; Idio R = idioventricular rhythm; LAFB = left anterior fascicular block; PAC = premature atrial complex; PAF = paroxysmal 
atrial flutter; PAT = paroxysmal atrial tachycardia; P.E. = preexcitation; PPAT = prolonged episodes of paroxysmal atrial tachycardia; Procaine 
= procainamide; 0, 1, 2, 3, 4A, 4B, 5 = grade of premature ventricular complexes according to the classification of Lown et a 


arrhythmia. However, among 17 patients with grade 2 
premature ventricular complexes, 6 (35 percent) did not 
have complex forms. All episodes of ventricular tachy- 
cardia were short (less than 10 seconds) and terminated 
spontaneously. There were no apparent clinical, elec- 
trocardiographic or hemodynamic differences between 
patients with and without malignant arrhythmias. 

Most patients had more than one type of arrhythmia. 
Premature ventricular complexes coexisted with pre- 
mature atrial complexes or paroxysmal atrial tachy- 
cardia in 20 patients. 

Management of arrhythmias: Only potentially 
life-threatening arrhythmias were treated (Cases 1 to 
13). Patients were started on propranolol therapy as 
part of our protocol for hypertrophic cardiomyopathy 
(see Methods). When malignant arrhythmias persisted 
despite large doses of propranolol, other antiarrhythmic 
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drugs were added using a trial and error approach. 
Quinidine sulfate was usually added first in light of re- 
cent reports!? of its synergistic action with propranolol. 
However, quinidine was not tolerated because of gas- 
trointestinal upset in two patients, inadequate antiar- 
rhythmic effect in one and worsening of the arrhythmia 
as documented by repeat ambulatory monitoring in 
another. Antiarrhythmic therapy in addition to pro- 
pranolol was necessary in 10 of the 13 patients (77 per- 
cent) with malignant arrhythmias: quinidine in 4, di- 
sopyramide phosphate in 2, diphenylhydantoin sodium 
in 2, procainamide in 1 and implanted permanent 
pacemaker in 2. 

Although total suppression of ventricular ectopy was 
usually not achieved (20 of 27 patients still have pre- 
mature ventricular complexes), frequent and complex 
forms have been successfully corrected (Fig. 2). Among 
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10 patients with couplets, only one (Patient 6) now has 
rare couplets, and ventricular tachycardia initially de- 
tected in five has been abolished in all. In addition, no 
patient now has grade 2 premature ventricular com- 
plexes: In 10 their frequency has decreased to grade 1 
and in three they have disappeared (grade 0). Seven of 
these patients were receiving propranolol alone (Table 
I). Atrial premature complexes found in 22 patients at 
initial evaluation are still present in 15 but are infre- 
quent. Similarly short runs of paroxysmal atrial 
tachycardia persisted in 4 of the original 12 patients, but 
symptomatic prolonged episodes have disappeared. In 
Patient 6 congestive heart failure developed with the 
onset of atrial flutter that responded to direct current 
cardioversion and quinidine therapy 2 years ago. He 
currently has sinus rhythm. In Patient 13 palpitations 
and presyncope developed during an episode of parox- 
ysmal atrial tachycardia and required cardioversion, 
which was performed in the emergency room of another 
institution. Her arrhythmia is now controlled with 
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FIGURE 2. Response of ventricular ectopic activity to antiarrhythmic 
therapy in 33 patients with hypertrophic obstructive cardiomyopathy 
during a period of 155 patient years. In all patients with grade 2 ectopic 
complexes (more than 30/hour) the frequency has decreased to grade 
1 (less than 30/hour) or 0 (none), and in all but one patient grades 4A 
(couplets) and 4B (salvos) have been abolished. The numbers within 
the hars represent absolute numbers, the respective percentages are 
on the abscissa. n = number of patients; Post and Pre Rx = after and 
before therapy, respectively. 
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by a junctional escape beat (fifth strip). 


propranolol and diphenylhydantoin sodium. Patient 12 
experienced palpitations and severe dyspnea with bouts 
of paroxysmal atrial tachycardia of long duration. He 
responded to large doses of oral propranolol (480 mg/ 
day). Both patients with sinus nodal dysfunction in 
whom pacemakers were implanted are free of malignant 
arrhythmias at latest monitoring. 

Relation between arrhythmias and specific 
symptoms and response to therapy (Table II): 
Twelve patients had a history of syncope and 27 of 
presyncope and 23 had palpitations at first evaluation. 
Eleven had all three symptoms, 12 had any combination 
of two and 8 had one symptom. Only two subjects (Pa- 
tients 14 and 18) were free of palpitations, presyncope 
and syncope; they suffered from dyspnea and chest 
pain. Despite these presenting complaints, most pa- 
tients found to have arrhythmias (including short runs 
of ventricular tachycardia) were asymptomatic during 
ambulatory monitoring. Also, six patients experienced 
palpitations and three presyncope during monitoring, 
but did not have rhythm disturbances during that in- 
terval. Volume depletion related to the use of diuretic 


TABLE Il 


Relation of Selected Symptoms to Arrhythmias and Their 
Response to Therapy 





Potentially 
Life-Threatening 
Symptoms * Arrhythmiast Arrhythmias? 
Before After Before After Before After 
Therapy Therapy Therapy Therapy Therapy Therapy 
Syncope 12 0 11 9 6 1 
Presyncope 27 17 24 12 11 0 
Palpitations 23 8 20 6 12 0 


* Number of patients with syncope, presyncope and palpitations 
before and after therapy. 
t Number of patients found to have arrhythmia before and after 
therapy. 
* Number of patients found to have potentially life-threatening ar- 
rhythmias before and after therapy. 
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drugs for hypertension was documented in the three 
patients with presyncope. 

Among 12 patients with a history of syncope, ar- 
rhythmias were found in all but 1 (92 percent), six of 
which were potentially life-threatening (Table II). 
Holter monitoring during an actual syncopal episode 
was available in only one subject (Patient 1) in whom 
asystole was documented. Other rhythm disturbances 
discovered during ambulatory monitoring, but not 
during the actual syncopal episodes, included sinus 
pauses of up to 1.9 seconds in one patient, short runs of 
ventricular tachycardia in three, premature ventricular 
complexes with couplets in two, left bundle branch 
block with prolonged P-R interval in one and prolonged 
episodes of paroxysmal atrial tachycardia in two. Be- 
cause syncope occurred as infrequently as twice a year 
in some patients, it is conceivable that longer episodes 
of the same arrhythmia or other arrhythmias as yet 
undetected were responsible for syncope. 

Lessening of potentially life-threatening arrhyth- 
mias was invariably accompanied by symptomatic 
improvement. Potentially life-threatening arrhythmias 
were suppressed in all but one patient, who now has rare 
couplets and no syncope. Patients 1 and 10 are free of 
syncope at 2 and 0.5 years, respectively, after pacemaker 
insertion. Patients 2 and 3 have not suffered from syn- 
copal episodes since the suppression of short runs of 
ventricular tachycardia. Patient 12 is free of syncope 
after prolonged bouts of atrial tachycardia were abol- 
ished 2 years ago. Elimination of syncope was associated 
with a decrease in frequency of ventricular ectopic ac- 
tivity in Patients 17 and 24, and with total elimination 
of arrhythmia in Patients 20 and 21. Patient 32 was the 
only subject with a history of syncope without docu- 
mented arrhythmia. She had the electrocardiographic 
pattern of preexcitation which disappeared with pro- 
pranolol therapy and she has been free of syncope for 
over 3 years. 

Two patients had episodic loss of consciousness 
initially thought to be secondary to arrhythmia. 
However, repeated Holter monitoring revealed only 
occasional premature ventricular complexes. Subse- 
quently, during a session of monitoring, a seizure 
unaccompanied by arrhythmia occurred in Patient 22. 
An electroencephalogram demonstrated temporal lobe 
seizure disorder. His condition improved with diphen- 
ylhydantoin sodium therapy. Similar symptoms and 
electroencephalographic abnormalities as a result of 
previous head injury were documented in Patient 23. 
These two are not included among the patients with 
syncope. 

The incidence rate of rhythm disturbances in our 27 
patients with a history of presyncope was also high (89 
percent). Eleven disturbances (41 percent) were po- 
tentially life-threatening. After therapy, although 12 
patients continue to have some rhythm abnormalities, 
the condition of all was improved. More importantly, 
potentially life-threatening arrhythmias found in 11 
patients at first evaluation have now been eliminated, 
and presyncope has been abolished in 10 patients. 
Among the 17 with residual presyncope, the condition 
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of 14 is improved and unchanged in 3. The mean score 
for presyncope was 1.9 before and 0.7 after therapy (p 
<0.005). 

Twenty-three patients had a history of palpitations 
at initial evaluation, and arrhythmias were found in 
20 (87 percent). Fifty-two percent of the arrhythnias 
were potentially life-threatening. After therapy, only 
6 still have arrhythmia, and in none is it potentially 
life-threatening. Fifteen patients are now free of pal- 
pitations, five have improvement and three others 
continue to have mild palpitations. The mean score for 
palpitations was 1.8 before therapy and is now 0.4 (p 
<0.005). Thus, after arrhythmia control all patients are 
in clinically improved condition, none has syncope and 
none has died in a mean follow-up period of 4.7 years 
(range 0.5 to 10). 

Holter monitoring versus 12 lead electrocardi- 
ography and stress testing for detection of ar- 
rhythmias: Among 13 patients with potentially life- 
threatening arrhythmias, routine electrocardiography 
detected only one patient in acute distress with frequent 
ventricular ectopic activity and short runs of ventricular 
tachycardia and two with prolonged supraventricular 
tachyarrhythmia (atrial tachycardia and flutter) who 
were also in acute distress. 

Exercise stress testing was also less sensitive than 
Holter monitoring in the detection of rhythm distur- 
bances. Five patients had occasional atrial or ventricular 
premature complexes, but only one manifested malig- 
nant forms (couplets). No patient had arrhythmias 
during stress testing that were not also found during 
Holter monitoring. 

Symptoms and severity of ventricular obstruc- 
tion: The severity of syncope, presyncope and palpita- 
tions did not bear directly on the severity of obstruction 
(Table I). Two patients with syncope had no resting 
pressure gradient, and two had mild, three moderate 
and five severe obstruction. Conversely, seven patients 
with a severe degree of obstruction never had syncope. 
Moreover, syncope did not recur in two patients despite 
documented worsening of left ventricular outflow ob- 
struction (Patients 17 and 20) when rhythm distur- 
bances were controlled. The findings were similar for 
patients with presyncope and palpitations. 


Discussion 


The results of this study of 33 patients with hyper- 
trophic obstructive cardiomyopathy reveal a 70 percent 
prevalence rate of supraventricular arrhythmia and an 
82 percent rate of ventricular premature complexes. 
Most patients had more than one type of arrhythmia. 
Thirteen (39 percent) of the 33 patients had potentially 
life-threatening rhythm disturbances. Although some 
of our patients had arrhythmias, including short runs 
of ventricular tachycardia without symptoms, and 
others had symptoms in the absence of rhythm distur- 
bances at the time of ambulatory monitoring, we found 
a striking relation between the suppression of poten- 
tially life-threatening arrhythmias with drug therapy 
or pacemaker insertion and symptomatic improvement, 
and we believe that our results favor a cause-effect 
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relation. It may be that the arrhythmias documented 
during asymptomatic periods were of short duration, 
whereas prolonged episodes eventually lead to symp- 
toms. Alternatively, because most patients had more 
than one type of rhythm disturbance, the arrhythmias 
documented during symptom-free periods may not have 
been responsible for the patient's complaints. For ex- 
ample, Patient 1 suffered from recurrent syncopal ep- 
isodes. Initial periods of monitoring revealed short runs 
of ventricular tachycardia without symptoms. Docu- 
mented suppression of this rhythm disturbance with 
drugs did not completely control episodic loss of con- 
sciousness. Thereafter, prolonged asystole was found 
during a syncopal attack. No further episodes of syncope 
have occurred since pacemaker implantation 2 years 
ago. 

Identification of patients at risk of sudden death: 
The annual mortality rate for hypertrophic obstructive 
cardiomyopathy is reported to be 3 to 5 percent, and 
most fatalities are sudden.9:1?-2? This has been the case 
after successful myotomy-myectomy?!-23 and also with 
small dose propranolol therapy.??! Identification of 
patients at risk of sudden death is a challenging diag- 
nostic problem. Because most patients had rather in- 
frequent syncopal episodes, it has proved difficult to 
document this relation by ambulatory monitoring in the 
majority of our patients. However, there seems to be 
agreement that patients with malignant arrhythmias 
documented at the time of a syncopal episode are at 
high risk of sudden death. Our data reveal that poten- 
tially life-threatening arrhythmias also occur in patients 
with the history of syncope but without symptoms at the 
time of monitoring. We believe that these patients 
should also be considered at risk of sudden death be- 
cause even totally asymptomatic patients with hyper- 
trophic cardiomyopathy are known to die sudden- 
1y.919,2,22 Therefore, Holter monitoring and exercise 
stress testing should be a routine part of the diagnostic 
evaluation of all patients with this condition. Moreover, 
since there is no evidence that our current medical 
program affects the progression of the underlying pa- 
thology of the disease, periodic repeated ambulatory 
monitoring and aggressive therapy for potentially lethal 
rhythm disturbances should be an important aspect of 
long-term management. 

Clinical importance of preventing atrial fibril- 
lation: Up to now, supraventricular arrhythmias have 
received only scant attention in relation to the genesis 
of the symptoms of hypertrophic cardiomyopathy, even 
though clinical deterioration and death are recognized 
hazards in these patients after the sudden reduction or 
complete loss of the atrial contribution to stroke volume 
in the presence of a noncompliant left ventricle.?:7:21,23 
The incidence rate of atrial fibrillation in patients with 
hypertrophic cardiomyopathy is approximately 10 
percent.’ Patients with hypertrophic cardiomyopathy 
and identified paroxysmal supraventricular tachycardia 
have a large incidence of paroxysmal atrial fibrillation 
and are more likely to experience fixed atrial fibrilla- 
tion.!! Atrial fibrillation was found more frequently in 
victims belonging to families prone to sudden death,?2 


and in patients who died late after myotomy-myectomy 
than in survivors.?? ''herefore, prolonged episodes of 
atrial tachycardia, flutter and fibrillation should be 
considered potentially life-threatening, and vigorous 
efforts should be directed toward preventing them. It 
is striking that atrial fibrillation has not developed in 
any of our patients despite a 36 percent incidence rate 
of paroxysmal atrial tachycardia and a 3 percent inci- 
dence rate of atrial flutter, over a mean follow-up period 
of 4.7 years. Because propranolol has been reported to 
be effective in preventing supraventricular rhythm 
disturbances,?*?^ we suspect that our routine use of 
large doses (average dose 6.7 mg/kg per day), perhaps 
in conjunction with other antiarrhythmic drugs, is re- 
sponsible for the absence of chronic atrial fibrillation 
in our group. Prevention of atrial fibrillation might have 
contributed to a lower morbidity and mortality. 

Role of propranolol versus other antiarrhythmic 
drugs: There is controversy regarding the efficacy of 
propranolol in the treatment of arrhythmias in hyper- 
trophic obstructive cardiomyopathy. Most reports in- 
dicate a lack of success with small doses, 10.21.26 and there 
is only one report of success.24 Arrhythmia was con- 
trolled by propranolol alone in 30 percent of our pa- 
tients, but the majority of potentially life-threatening 
rhythm disturbances required the addition of other 
antiarrhythmic drugs or pacemakers and complete 
suppression of ectopy was rarely achieved. In this re- 
spect, our experience is similar to that of Lown et al.,2° 
who reported on the management of ventricular 
tachycardia and fibrillation from various causes. At least 
two antiarrhythmic agents were necessary in 92 percent 
of their patients to control couplets and salvos of ven- 
tricular premature complexes. Although total elimi- 
nation of ectopic activity was not possible, suppression 
of malignant forms prevented sudden death. It is pos- 
sible, as suggested by Myerburg et al.,27 that sudden 
death may be prevented with antiarrhythmic drugs that 
raise the fibrillatory threshold without suppressing 
ventricular ectopic activity. It is worthy of note that no 
fatalities occurred in our original population of 22 pa- 
tients even before 1975, when an aggressive search for 
rhythm disturbances began, in contradistinction to the 
control group, in which sudden death occurred.!? We 
postulate that large doses of propranolol might have 
been responsible. Prevention of sudden death by pro- 
pranolol alone was reported by Fiddler et al.28 In addi- 
tion to the antiarrhythmic effect, we have previously 
hypothesized that improvement of diastolic compliance 
after propranolol therapy may play a role in the clinical 
improvement of these patients.!? | 

Role of ambulatory electrocardiographic moni- 
toring: Because large doses of propranolol may pre- 
cipitate or aggravate bradyarrhythmias, particularly in 
patients with sinus nodal dysfunction, ambulatory 
monitoring and exercise stress testing are recommended 
before the initiation of therapy. Our experience would 
also indicate that the effectiveness of antiarrhythmic 
therapy must be evaluated by repeated periods of con- 
tinuous monitoring, since drug therapy may be inef- 
fective or even result in the aggravation of arrhythmia, 
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as reported by others.?? Also, the long-term follow-up 
of these patients should include ambulatory monitoring 
and exercise stress testing at regular intervals because 
progression of the disease might result in arrhythmias 
not previously present. 

Implications: We think it important to emphasize 
that the true prevalence of rhythm disturbances in pa- 
tients with hypertrophic cardiomyopathy remains un- 
known, since all of our patients were self-selected 
(symptomatic) and the majority had been receiving 
propranolol for several years before their first Holter 
monitoring was performed. The relatively small size of 
our group and the short period of observation do not 
permit conclusions concerning the possible effects of 
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medical therapy on the natural history of the disease in 
general or on conduction system abnormalities in par- 
ticular. However, it would appear that large doses of 
propranolol along with an aggressive search for and 
management of potentially life-threatening arrhythmias 
should be considered the treatment of choice because 
surgery alone has not prevented syncope, rhythm dis- 
turbance or sudden death.??.25.25 
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The effects of procainamide on strength-interval relations were evaluated 
in 18 patients. At plasma concentrations of 4.3 to 13.6 ug/ml procainamide 
had minimal effects on threshold current in late diastole, but in early 
diastole it shifted the strength-interval curve to the right. The basic 
strength-interval relation (that is, decreasing refractory period as current 
is increased) was not altered. The control refractory period decreased 
by a mean of 44 ms as the current was increased from threshold to 10 mA, 
whereas a mean decrease of 42 ms was observed after procainamide. 
However, the steep portion of the strength-interval curve (absolute re- 
fractory period) was shifted to longer coupling intervals by a mean value 
of 24 ms. These findings suggest that procainamide may primarily affect 
active membrane properties, but exert little net effect on passive mem- 
brane properties late in diastole. 


Procainamide is widely used to treat ventricular arrhythmias in patients. 
Its effectiveness has been studied extensively in clinical! and laboratory 
situations,*^ but neither its precise mechanism of action nor many of 
its effects on the electrical properties of the human heart have been 
elucidated. In 1953 Woske et al.9 showed that procainamide decreased 
excitability in the mammalian heart. Subsequent studies have described 
procainamide-induced changes in refractoriness, threshold and action 
potential configuration in Purkinje fibers?-? and in isolated heart mus- 
cle.'° In human studies!!.!2 in which the extrastimulus method was used 
(with a stimulus strength at twice threshold) procainamide has been 
shown to increase the atrial, ventricular and His-Purkinje refractory 
periods. The effects of procainamide on conduction times through the 
normal and impaired atrioventricular (A-V) conduction system have 
also been described.!2-'4 However, the effect of procainamide on exci- 
tability throughout the cardiac cycle has not been determined in human 
beings. 

An accurate and reproducible assessment of myocardial excitability 
throughout the cardiac cycle can be made using the strength interval 
relation. In this technique excitability is determined at different phases 
of recovery as a function of stimulus strength.!°-!6 This paper describes 
the effects of procainamide on ventricular excitability in human subjects 
as measured by the strength-interval curve. 


Methods 


Study patients and recording procedures: Strength-interval curves were 
measured in 18 patients aged 26 to 72 years who were undergoing electrophysi- 
ologic evaluation for clinical indications after informed written consent was 
obtained. In each patient, tripolar and quadripolar electrode catheters (1 cm 
interelectrode distance) were introduced percutaneously through the right or 
left femoral or antecubital veins and positioned under fluoroscopic guidance 
in the high right atrium, A-V junction (His bundle recording site), coronary sinus 
and right ventricular apex. Ventricular refractory periods were determined by 
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the extrastimulus technique with bipolar cathodal stimulation 
using a 1 ms rectangular impulse of variable strength (0.1 to 
10.0 mA). Current was delivered by an optically isolated 
constant current source (Bloom Associates Ltd., Inc., Nar- 
berth, Pennsylvania) that was linearly calibrated from 0 to 10 
mA with an accuracy of 0.01 mA. The intracardiac recordings 
were simultaneously displayed with multiple electrocardio- 
graphic leads, usually leads I, II and V;, on a 16 channel os- 
cilloscope (Electronics for Medicine VR-16) and stored for 
retrieval on magnetic tape. 

Diastolic threshold and strength-interval curve de- 
terminations: Diastolic threshold was determined under 
control conditions and immediately after infusion of pro- 
cainamide by stimulating the ventricle during late diastole 
(greater than 75 percent of the R-R interval). Threshold was 
defined as the lowest current allowing consistent ventricular 
depolarization. With use of a programmable stimulator 
(Bloom Associates Ltd., Inc.) progressively more premature 
ventricular extrastimuli (So) were introduced at the right 
ventricular apex after the eighth paced complex (S1) during 
a basic drive cycle length (S;-S;) of 600 ms. The S;-S2 interval 
was reduced by 1 to 2 ms decrements until S» failed to initiate 
a ventricular response. This interval, the ventricular effective 
refractory period, was initially determined using threshold 
stimuli. The intensity of Sı and Se was then increased simul- 
taneously by 0.25 mA increments up to 5 mA, then by 0.5 mA 
increments up to 10 mA. The S,-S» interval was kept constant 
at the previously refractory interval until a current intensity 
was found at which S? again initiated a ventricular response. 
Then at this new current level, the S,-Ss interval was de- 
creased by 1 to 2 ms decrements until S? was again refractory. 
This procedure was repeated until the current was 10 mA. In 
patients without ventriculoatrial conduction, the atrium was 
paced simultaneously with the ventricle during the basic drive 
cycle (S1-81) to avoid intermittent ventricular capture by 
spontaneous atrial depolarizations. The reproducibility of the 
refractory period measurement at any current and interval 


was verified by multiple (two to four) determinations before 
the current was altered. Diastolic threshold was measured 
several times during the study to insure stability. 

Procainamide infusion: Procainamide was then infused 
intravenously at a rate of 50 mg/min using a calibrated infu- 
sion pump. To examine the effect of different plasma drug 
levels, the patients were separated into two groups: Eight 
patients received a 500 mg infusion and the remaining 10 
patients received a 1,000 mg infusion. Strength-interval curves 
and late diastolic thresholds were measured after completion 
of the infusion, using the same protocol used in the control 
procedure. No more than 15 minutes was required to complete 
these measurements. Serum procainamide concentrations 
were obtained immediately at the conclusion of the study and 
measured in the hospital laboratory: 


Results 


Effect on strength-interval curve and ventricu- 
lar refractory period (Table I): In all patients 
strength-interval curves were measured before infusion 
of procainamide and had the same shape and charac- 
teristics as described previously.!® Procainamide did not 
change the shape of the strength-interval curve. Both 
before and after procainamide, increasing the stimulus 
strength resulted in a progressive reduction in the 
ventricular effective refractory period until it ap- 
proached an asymptotic value. Procainamide had es- 
sentially no effect on the net change in ventricular ef- 
fective refractory period between threshold and 10 mA 
(control value 44 + 17 mA; value after procainamide 42 
+ 15 mA). However, procainamide shifted the excita- 
bility curve to the right; that is, it increased the refrac- 
tory period at all current strengths and therefore de- 
creased excitability (Fig. 1). Thus, at the same interval 
after depolarization, more current was required to elicit 











TABLE | 
Effect of Procainamide on Ventricular Refractory Periods at Different Current Strengths 
VERP-Th VERP-2Th VERP-Steep AVERP 
Case Control Proc. Control Proc. Control Proc. Control Proc. 
1 252 270 240 255 224 240 28 30 
2 264 274 248 265 232 250 32 24 
3 246 262 230 250 202 230 4i 32 
4 272 295 256 282 232 254 40 41 
5 270 292 256 278 228 256 42 36 
6 268 284 248 268 217 232 51 52 
7 220 244 190 220 178 204 42 40 
8 266 385 245 380 220 305 46 80 
9 318 320 280 295 220 255 98 65 
10 260 278 246 264 216 236 44 42 
11 261 287 242 275 232 252 29 35 
12 270 272 250 265 228 246 42 26 
13 299 318 280 296 244 258 55 60 
14 292 308 281 298 260 278 32 30 
15 274 292 260 278 242 258 32 34 
16 277 279 245 256 212 | 224 65 55 
17 242 260 230 248 210 224 32 36 
18 236 258 226 245 205 225 31 33 
Mean 265.9 287.6 247.4 273.2 222.3 245.9 43.6 41.7 
SD 23.0 31.7 21.7 33.3 18.2 22.8 16.8 15.0 
p «0.001 «0.001 «0.001 «0.3 
Mean change 21.6 25.8 23.6 
SEM 6.0 6.6 3.9 


rrr ee. ———MÀM— ÁURUDD 
p = probability; Proc. = procainamide; SD = standard deviation, SEM = standard error of the mean; VERP-Th, VERP-2Th and VERP-Steep = 
ventricular effective refractory (in ms) at threshold and twice threshold and at the steep portion of the curve, respectively. 
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a ventricular response after intravenous procainamide 
infusion than before the infusion. The mean increase 
in ventricular effective refractory period after pro- 
cainamide was 22 ms at threshold current, 26 ms at 
twice threshold current and 24 ms at the steep portion 
of the curve, known as the absolute refractory period. 

Procainamide was administered in doses of either 500 
or 1,000 mg. The procainamide serum levels responsible 
for the observed changes in refractoriness throughout 
the cardiac cycle averaged 5.8 + 1.7 and 10.0 + 2.4 
ug/ml, respectively, for the two groups of patients. 
These procainamide levels were obtained at the end of 
the strength-interval determinations (that is, 10 to 15 
minutes after termination of the procainamide infu- 
sion). 

Effect on threshold (Table II): Procainamide at the 
plasma concentrations achieved had little or no effect 
on threshold in late diastole. No patient exhibited a 
greater than 0.1 mA change in threshold after infusion 
of 500 mg of procainamide despite plasma levels as high 
as 9.5 ug/ml (Case 8). Only three patients who received 
1,000 mg of procainamide demonstrated an increase in 
late diastolic threshold of 0.15 mA or greater. Threshold 
increased by 0.15 mA in Case 10, by 0.3 mA in Case 11 
and by 1.25 mA in Case 13. These patients had pro- 
cainamide plasma levels of 11.0, 13.0 and 7.6 ug/ml, 
respectively. 


Discussion 


Our study confirms the well documented finding from 
animal (whole heart and isolated tissue preparations) 
and human studies that procainamide prolongs ven- 
tricular refractoriness at diastolic threshold or twice 
diastolic threshold.9-14 It extends these observations by 
analyzing the effects of procainamide throughout the 
cardiac cycle using the strength-interval relation, 
thereby assessing the effect of procainamide on ven- 
tricular refractoriness over a wide range of stimulus 
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FIGURE 1. Case 14. Effect of procainamide on strength-interval relation. 
During the control period (open circles) the ventricular refractory period 
(VERP) is 292 ms at threshold (1 mA) and becomes asymptotic at 260 
ms.°After 1 g of procainamide (closed circles) threshold is unchanged, 
but the curve is shifted to the right; the asymptotic part of the curve 
occurs at 278 ms. 


strengths. We have observed that procainamide 
lengthens the period of complete inexcitability after the 
last stimulated response; that is, it shifts the steep 
portion of the strength-interval curve to the right and 
renders the myocardium less responsive at each point 
in the recovery portion of the cardiac cycle (Fig. 1). 

The basic strength-interval relation, however, re- 
mains unaffected by procainamide. The shift in the 
strength-interval curve is similar to the shift that occurs 
when the strength-interval relation is measured at 
longer drive cycle lengths.!6 It is of note that as current 
was increased from threshold to 10 mA, the net change 
in refractoriness was similar during the control period 
and after procainamide; however, the refractory periods 
at each current strength, after procainamide, were 
shifted to the right. 

Relation of plasma procainamide levels to 
changes in excitability: The plasma procainamide 
levels associated with the observed changes in excita- 
bility were all greater than or equal to levels within the 
reported therapeutic ranges. These levels were mea- 
sured at the end of the strength-interval determinations 
and reflect the minimal levels that could be responsible 
for the observed changes. Previous work!! has demon- 
strated that during the first 15 minutes after procain- 
amide infusion, the effect on ventricular refractoriness 
is stable despite a progressive reduction in plasma drug 
levels by approximately 33 percent. This finding 
suggests that either there is a time delay for reversal of 


TABLE Il 
Effects of Procainamide on Late Diastolic Threshold 


Late Diastolic Threshold 





(mA) Serum 
Procainamide 
Case Control Procainamide ^ Level (ug/ml) 
500 mg of Procainamide 
1 0.8 0.8 4.3 
2 0.4 0.4 5.6 
3 0.5 0.55 7.0 
4 1.2 1.3 5.0 
5 0.8 0.85 4.4 
6 0.5 0.6 5.0 
7 0.9 0.9 5.5 
8 1.5 1.5 9.5 
Mean 0.83 0.86 5.8 
SD 0.13 0.13 1.7 
p 20.5 
Mur cer EE EE TR IIo diese el, ES BE EN WP GO NIRE RR E 
1,000 mg of Procainamide 
Leurs cree LE REM cea lo tdi civ REC EI P 
9 1.0 1.0 7.8 
10 0.25 0.4 11.0 
11 0.5 0.8 13.0 
12 1.0 1.0 6.4 
13 1.25 2.5 7.6 
14 0.8 0.8 13.6 
15 0.5 0.6 8.8 
16 1.0 1.0 10.2 
17 0.4 0.5 9.5 
18 0.7 0.7 12.0 
Mean 0.74 0.93 10.0 
D 0.10 0.19 2.4 
p 20.5 


p — probability; SD — standard deviation. 
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the drug's effect on refractoriness or there is a relatively 
low threshold plasma level for the effect, such that 20 
to 30 minutes are required for the plasma level to drop 
below that threshold, even after a 500 mg infusion. In 
either case, the observed effect of procainamide on 
ventricular refractoriness may well have been constant 
throughout the strength-interval determination. 

Relation to single fiber studies: Because excit- 
ability is a function of both passive and active mem- 
brane properties, the effect of procainamide on excita- 
bility will be determined by the algebraic sum of its ef- 
fect on both these components. Studies in isolated tis- 
sue, particularly Purkinje fibers, have shown a number 
of effects of procainamide on active membrane con- 
ductance. Procainamide has been shown to decrease the 
rate of rise and overshoot of the action potential,9:17.15 
suggesting impairment of the fast sodium channels. 
Procainamide has also been shown to prolong the action 
potential in Purkinje fibers? which reflects an effect on 
plateau currents. Both effects may contribute to the 
increased refractoriness of Purkinje fibers induced by 
procainamide.19.19.20 

Arnsdorf and Bigger" showed that procainamide al- 
ters passive membrane properties. They demonstrated 
variable effects of procainamide on different compo- 
nents of the passive membrane properties; that is, 
procainamide increased membrane resistance, but also 
increased threshold voltage, resulting in no net change 
in threshold current. 

Effect of procainamide on active and passive 
membrane properties: In the intact human heart, it 
is impossible to study the passive components of the 
membrane independent of active membrane compo- 
nents. Any change in excitability determined by our 
stimulation methods measures the net effects of pro- 
cainamide on both components. However, the pattern 
of procainamide's effect on excitability early in diastole 
compared with that seen late in diastole provides data 
that may help to distinguish these two effects. 

Passive membrane properties influence the ability 
to reach threshold by affecting the rate of discharge of 
the membrane capacitance, the level of threshold volt- 
age and current, whereas active membrane properties 
determine the ability to generate and propagate an ac- 
tion potential once threshold is reached. Active mem- 
brane effects on excitability predominate if both passive 
and active membrane processes are affected. In general, 
the effects of passive membrane properties on excita- 
bility are most important late in diastole, when the 
availability of fast sodium channels is not limiting. 
Earlier in diastole, active membrane processes are 
critical, because voltage-dependent effects reduce the 
proportion of activated fast sodium channels, impairing 
the generation and propagation of new action potential 
even if threshold is exceeded. Thus, effects of excita- 
bility early in diastole usually reflect alterations in ei- 
ther active membrane properties alone or the sum of 
effects on passive and active properties. 

Our studies have shown that procainamide reduces 
excitability in human beings early in diastole but has 
no effect on threshold current late in diastole. As men- 


tioned previously, observations in mammalian Purkinje 
fibers have shown that procainamide inhibits the fast 
sodium channels during activation but has no net effect 
on threshold current at rest. These data together with 
our findings suggest that the reduction of excitability 
throughout early diastole induced by procainamide is 
most consistent with an effect on active membrane 
processes, whereas the absence of any change in exci- 
tability late in diastole is consistent with no net effect 
on either active or passive membrane properties. 

Limitations of the technique: Our technique has 
been limited to the measurement of strength-interval 
curves and the effects of procainamide on these curves 
in normal myocardium, specifically the right ventricular 
apex. One cannot assume that these effects will be the 
same at other right ventricular sites or at sites in the left 
ventricle. It is possible that regional differences in 
geometric factors or cell to cell coupling might alter 
refractoriness with respect to either the rate of repo- 
larization or the rate of recovery of the sodium chan- 
nels!® or passive electrical properties?! (intracellular 
resistivity, membrane resistance and capacitance) and 
thereby alter the response of excitability to procain- 
amide. However, preliminary data in six patients from 
our laboratory studied with left ventricular apical 
stimulation show similar findings (unpublished obser- 
vations). More work is necessary to clarify the 
problem. 

The results of these studies in the normal ventricle 
cannot be extrapolated to the abnormal ventricle, for 
example, that in patients with coronary artery disease. 
There are some data to suggest that ventricular re- 
fractoriness in ischemic tissue changes from a primarily 
voltage-dependent mechanism to time-dependent 
mechanisms.?? 

In addition, membrane depolarization may change 
from the rapid sodium channels to so-called slow 
channels, which may have totally different kinetics for 
the recovery of excitability.?? Finally, loss of membrane 
integrity is likely to be associated with significant al- 
terations in passive membrane properties. Thus, the 
major factors that determine the recovery of excitability 
as measured in the aggregate by the strength-interval 
relation are all likely to be altered in regions of ischemia. 
Thus, more data are required to assess the effects of 
procainamide at the site of its antiarrhythmic action, 
that is, in the locally infarcted or ischemic muscle or 
Purkinje fibers in human beings. 

The most important limitation of the study is in- 
trinsic to the technique of measurement. Strength- 
interval curves measured by endocardial catheter 
stimulation and recording do not strictly measure 
membrane or even local tissue excitability. The deter- 
mination of refractoriness is made by the failure to 
record a propagated response 1 cm from the stimulating 
electrode. Therefore, factors affecting both impulse 
propagation and impulse generation influence the 
measurements and cannot be separated. From this 
standpoint, the strength-interval relation in the human 
ventricle measures an aggregate of the major factors 
that determine the recovery of excitability and the 
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factors that govern local tissue conduction and their 
interaction. Thus, conclusions cannot be made about 
membrane or local tissue refractoriness, without con- 
sideration of the effects of geometric factors (for ex- 
ample, impedance matching) and passive membrane 
properties (for example, cell to cell coupling) that affect 
conduction. 

Importance to clinical electrophysiology and 
therapy: The measurement of ventricular refractory 
periods is important in defining the functional charac- 
teristics of a reentrant circuit in the ventricle. These 
functional characteristics govern the ability to initiate 
and terminate reproducibly a reentrant tachycardia 
with programmed ventricular stimulation. Reproduc- 
ible induction of the reentrant arrhythmia is necessary 
for studying drug modifications of the reentrant circuit 
to develop drug therapy, whereas reproducible termi- 
nation of the reentrant arrhythmia allows assessment 
of pacemaker therapy. The ability to induce or termi- 


nate a reentrant arrhythmia with programmed stimu- 
lation is frequently limited by failure to introduce a 
premature stimulus at a critically short coupling in- 
terval because of ventricular refractoriness. Our findings 
suggest that increasing current strength might obviate 
this problem by shortening ventricular refractoriness 
beyond the critical interval, thereby allowing induction 
of the arrhythmia. Inversely, procainamide might 
lengthen refractoriness at all current strengths, in such 
a way that no stimulation protocol and no clinical con- 
ditions could induce a sustained arrhythmia, thereby 
confirming the probable efficacy of procainamide in 
treating this arrhythmia. 
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Good guess for a layman. But to you these are the enemy. 
They are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oido mycosis(B) and Strongyloides stercoralis filariform larva 
(C)... infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
among the many discussed in . . . 
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needed text for students. Over 1,000 pages. 

7" x 10". Clothbound. 147 illustrations 
including 78 full-color photos. Completely 
indexed. AVAILABLE ON APPROVAL. $65.00. 
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Elecath. 





Best 
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Because we specialize, you can catheterize 
better. Easier handling, faster, more accurate 
placement are the direct results of being able to 
choose from an extensive line of innovative 
Elecath designs. 


Elecath offers you: 
Thermal Dilution Catheters 

e Baltherm'" Flow-Directed Balloon Catheters For 
Use Without Fluoroscopy 

e Torktherm™ Torque Control Catheters For Use 
With Fluoroscopy 

e Surgitherm™ Mini-Probes For Monitoring Post- 
Surgical Cardiac Output 


Double Pressure Catheters 
e Balwedge™ Double-Pressure (Triple Lumen) 
Catheters 


Single Pressure Catheters 


e Balwedge™ Single-Pressure (Double Lumen) 
Catheters 


Pulmonary Angiography Catheters 

e Balwedge™ Pulmonary Angiography Catheters 
And A New Elecath Cardiac Output Computer 
Model COC 4000 


e 7 Ibs. Of Innovative Monitoring Technology 


The choice is yours and it's an excellent one 
when you select Elecath. To aid you in your 
selection, please write us for copies of our new 
detailed literature. 





Elecath. 
Your Best Resource For 
Innovative Cardiovascular 
Technoloev. 





Complete kits put everything 
you need at your fingertips for 
quicker, surer placement. 


For example, our Baltherm™ 

Sterile Kit includes: 

e 4F to 7F Baltherm Balloon 
Monitoring Catheter 

e Vented disposable syringe for 
balloon inflation 

e Introducing assembly for per- 
cutaneous insertion of probe 
with 5F only 
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ELECATY 


ELECTRO-CATHETER CORPORATION 


2100 Felver Court, 

Rahway, New Jersey,07065,U.S.A. 

For the name of your nearest distributor, 
call: (800) 526-4243. In N.J. (201) 382-5600 
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A complete family of precision cardiac 
catheters for all of your hemodynamic 
monitoring and temporary pacing needs. 
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The Irex System Il M-Mode 
Echocardiograph 


The Irex System Il is a comprehensive non-invasive ultrasound 
cardiac diagnostic system. It features a fibre optic recorder that provides 
superb black and white tracings; a versatile, reliable and easy-to-operate 
echo module; and the optional Irex heart sound/pulse and respiration 
module, all in a rugged easy-to-maneuver console. 


The lrex Phased Ar 
Real Time 
Sector Scanner 


A completely integrated syste 
cardiac ultrasound diagnosis combining 
to-the-minute, 2-dimensional real 
technology, proven M-Mode diagnostic c 
bility and the optional Irex heart sound/p 
and respiration module, all in one comp 
mobile unit. 


The Irex System Il 
Echocardiograph 
Stress Test Optio 


M-Mode echocardiography 
stress testing in one convenient, cost 
tive unit, offering the proven reliability o 
Irex System Il, with black and white reco 
complete M-Mode echocardiographic q 
bility; fully integrated 3-channel ECG mo 
treadmill controller module and rugged « 
cise treadmill. 





Oo look at the heart. 


When you consider ultrasound cardiac diagnostic systems, consider 
lrex, the company that offers three ways to look at the heart, three 
distinct systems that offer superb technology, at an affordable price. 


First, the newest, most advanced system, the 
Irex Phased Array Real Time Sector Scanner. Packed into 
its trim, mobile cabinet is a dynamically focused phased 
array system delivering crisp, high resolution images; two 
derived M-Modes, plus a completely independent 
M-Mode channel; and, room to add a heart sound/pulse 
and respiration module. 

In short, the new Irex Phased Array Real Time 
Sector Scanner gives you all the measurements you need 
to perform a complete cardiac ultrasound study. All at a 
price that will pleasantly surprise you. 

Second, the proven Irex System II M-Mode 
Echocardiograph System has a well-deserved reputation 
for performance and reliability. Since its introduction in 
1977, the Irex System Il has become one of the most 

widely used M-Mode echocardiography systems in the 
world. Its fibre optic recorder provides the clearest, most 
consistent tracings in the industry. The extremely versatile 
cardiac ultrasound module is highly sensitive for better 
definition of small anatomical structures, and the large, 
easy-to-view monitors aid in quick analysis. The optional 
heart sound/pulse module provides four channels: one 
each for respiration, heart sound, and pulse; and one for 
either heart sound or pulse. 
Third, the Irex System II Echocardiograph 
Stress Test Option, loaded with outstanding features for 
smooth, convenient operator control. The three-channel 
stress module offers a 12-lead diagnostic ECG, plus X, Y 
and Z with automatic lead I.D. Plus bright, easy-to-read 
digital displays of heart rate and elapsed time to quickly 
and accurately monitor patient progress. 
The automatic treadmill control module features 
AUIROU fully automatic, operator selectable protocols, with man- 
ual interrupt for safety and maximum control. The tread- 
mill is full size, rugged and quiet. 

Irex: Three ways to look at the heart. With three 
outstanding Irex systems. Each is an outstanding addition 
to your hospital or clinic. Together, they give you the most 
complete ultrasound cardiac diagnostic center available. 
And all systems are backed by a responsive national 
network of factory trained service technicians. 

For more information, contact: Irex Medical Sys- 
tems, 114 Pleasant Avenue, Upper Saddle River, N.J. 
07458, (201) 327-5900. 
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NO TIME TO INTRODUCE 
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If you wouldn't think of changing 





your brand of digitalis, shouldn t you 


think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias. Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity.” 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LAstx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LASIx® that established 
the standard for furosemide performance. 
It is LAsrx® that is the subject of almost 
6,000 published papers. It is Lasix that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LASIx® that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX* tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 


PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 
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Specify LAsIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 
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LASIX 


FUROSEMIDE 
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Lasix® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, ond dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity 
Exercise care in patients receiving potassium-depleti 

Steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used. ) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
Should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cephaloridine should no! be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
da to preclude effectiveness of the pressor agent for therapeu- 
C use. 
It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
si nsive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gostric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, joundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
Sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerdted by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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now available in paperback: 
Laragh's HYPERTENSION MANUAL 


You Can Now Buy This Famous Bestseller 
in Three Convenient Paperback Volumes 
Covering the Major Sections in the Original: 


1. Mechanisms-—ciinicai teatures 
and the prop and biochemical mecha- 
nisms of hypertension (Partial Contents) Iii Arte- 
rial Pressure Regulation, Overriding Dominance 
of the Kidneys in Long-Term Regulation and in 
Hypertension m A Viewpoint vélos the 
Enigma of Hypertension m The Control of Renin 
Release ii The Control of Aldosterone Secretion 
in Normal and à) aedem Man: Abnormal 
Renin-Aldosterone Patterns in Low Renin Hyper- 
tension NI MP Characteristics of Hyper- 
tension i Blood Pressure and Cardiac Per- 
formance 8 Neurogenic Factors in Human 
Hypertension: Mechanism or Myth? m 


505 pages, 150 figs. and tbis., index, $12.50 


2. Methods rie methodology in- 
volved in the evaluation of the physiologic pa- 
rameters of high blood pressure. B An Eval- 
uation of Measurement Performance of Selected 
Blood Pressure Devices ll Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
S Mt he Activity in Essential Hypertension 8 
The Measurement of Plasma Renin Activity in 
Man ili Measurement of Urinary Aldosterone Ex- 
cretion in Man @ Radioimmunoassay of Plasma 
Aldosterone B Searching Out Low Renin Pa- 
tients: Limitations of Some Commonly Used 
Methods 


120 pages, 50 figures and tables, index, $7.50 


= 13. Renin System, Drug Ther- 
HYPERTENSION apy and Diet rne principles of man- 


agement and treatment, including the role of 

RENIN SYSTEM renin-aldosterone system in the strategy of 

DRUG THERAPY treatment for high blood pressure. Also in- 

AND DIET cludes special sections of hypertensive drug 

therapy and low sodium diet. m Vaso- 

constriction-Volume Analysis for Understanding 

and Treating Hypertension. The Use of Renin and 

Aldosterone Profiles m The Volume Factor in Low 

and Normal Renin Essential Hypertension. Its 

Treatment with Either Spironolactone or Chlor- 

thalidone 8 The Antihypertensive Action of Pro- 

pranolol. Specific Antirenin Responses in High 

and Normal Renin Forms of Essential, Renal. 

Renovascular and Malignant Hypertension NI 

ee edie Antihypertensive Drug Therapy igi Moderate Low 
; Editor Sodium Diet 


105 pages, 25 figures and tables, index, $7.50 
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Seventy-four patients with hypertrophic cardiomyopathy, hemodynami- 
cally classified into well defined subgroups (left ventricular outflow tract 
obstruction at rest [27 patients], labile obstruction [4 patients|, latent 
obstruction [28 patients| and no obstruction [15 patients|) were studied 
with M mode echocardiography. Significant echocardiographic differences 
were found among these groups. The most important differentiating feature 
was the degree of systolic anterior motion of the anterior mitral leaflet. 
Combined with prolonged interventricular septal contact (that is, for more 
than 30 percent of echocardiographic systole), it occurred in all 27 pa- 
tients with obstruction at rest but in no patient with latent or no obstruction. 
Another differentiating feature was aortic valve midsystolic notching, 
which occurred in all 25 patients with obstruction at rest (in whom ade- 
quate aortic valve echograms could be obtained) but in only 3 of 17 pa- 
tients with latent obstruction and in no patients without obstruction. The 
third most useful differentiating feature was left atrial enlargement, which 
occurred in 25 of 27 in the group with obstruction at rest, but in only 4 of 
28 in the group with latent obstruction and in 2 of 15 in the group without 
obstruction. 

Other M mode echocardiographic findings in patients with hypertrophic 
cardiomyopathy showed overlap among subgroups and therefore could 
not be relied on for noninvasive subclassification. These echocardio- 
graphic abnormalities included septal and posterior wall thickness, septum 
to posterior wall thickness ratio, septal and posterior wall systolic thick- 
ening, left ventricular internal diameter, left ventricular outflow tract size 
at the onset of systole, mitral leaflet position and percent diastolic anterior 
mitral leaflet-interventricular septal contact. 

It is concluded that a noninvasive classification of patients with hy- 
pertrophic cardiomyopathy into hemodynamic subgroups of obstruction 
at rest, latent obstruction and no obstruction can be made by assessing 
the degree of systolic anterior motion, the presence of aortic valve mid 
systolic notching, and left atrial size. This noninvasive M mode echocar- 
diographic subclassification has important clinical implications. 


A decade has now elapsed since the initial M mode echocardiographic 
descriptions of hypertrophic cardiomyopathy.!-? These early reports 
noted two abnormalities of the anterior mitral leaflet, namely, diastolic 
interventricular septal contact with a reduced E-F slope,!-? and systolic 
anterior motion.2? Since then, many other M mode echocardiographic 
findings have been described in hypertrophic cardiomyopathy including 
mid systolic notching of the aortic valve, asymmetric septal hypertro- 
phy,® reduced interventricular septal thickening and excursion,®’ narrow 
left ventricular outflow tract at onset of systole? and abnormalities of 
left ventricular relaxation and filling.?:!? 

'T'he initial suggestion? that these M mode echocardiographic findings 
would be specific for hypertrophic cardiomyopathy has not been sub- 
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stantiated. Systolic anterior motion has been reported 
to occur both with and without a left ventricular outflow 
tract gradient in other conditions without asymmetric 
septal hypertrophy!!! (also, Rakowski H, Gilbert BW, 
unpublishedobservations). The latter has been dem- 
onstrated in the absence of hypertrophic cardiomyop- 
athy in a wide variety of conditions such as right ven- 
tricular hypertrophy,!? inferior wall myocardial in- 
farction?? and other conditions.2!-3! Finally, mid systolic 
notching of the aortic valve has also been reported in 
entities other than hypertrophic cardiomyopathy.?2.33 
This abnormality of the aortic valve has been seen in a 
ruptured aneurysm of the sinus of Valsalva,?? mitral 
regurgitation? and ventricular septal defect.?? 
Therefore these M mode echocardiographic features 
as such cannot be considered characteristic of hyper- 
trophic cardiomyopathy. Also, the significance of these 
echocardiographic findings in patients known to have 
hypertrophic cardiomyopathy has been questioned.?4 
For example, the initial descriptions23:35 implied that 
the présence of systolic anterior motion of the mitral 
valve, to whatever degree, was indicative of a left ven- 
tricular outflow tract gradient. Accordingly, an index?? 
based on the degree of systolic anterior motion, was 
devised to predict the gradient noninvasively.?9 How- 
ever, it became apparent that this finding could occur 
to the extent of the anterior leaflet touching the inter- 
ventricular septum without a gradient??38 and therefore 
this index was unreliable.?? Chahine et al.°4 recently 
concluded that there was no relation between the 
echocardiographic hallmarks of obstruction and the 
presence or absence of an intraventricular pressure 
difference. In addition, Criley et 21.49 suggested that 
systolic anterior motion is due to posterior wall hyper- 





IVS-AML 





FIGURE 1. Echocardiogram (right) and line diagram (left) from a 
normal patient showing where left ventricular outflow tract (IVS-AML) 
and mitral leaflet position are measured (AML-PW). AML = anterior 
mitral leaflet; IVS = interventricular septum; PW = posterior left ven- 
tricular wall. 


mobility and therefore is not related to outflow tract 
obstruction. 

In light of these current controversies, we analyzed 
our M mode echocardiographic findings in 74 patients 
who had a clinical diagnosis of hypertrophic cardio- 
myopathy with hemodynamic confirmation. Using 
previously described hemodynamic procedures4!-42 we 
carefully classified all patients into defined hemody- 
namic subgroups and examined their M mode echo- 
cardiograms. The results indicated that there are indeed 
distinctive M mode features of hypertrophic cardio- 
myopathy and that these features vary among the major 
hemodynamic subgroups depending on whether left 
ventricular outflow tract obstruction is present. We 
reaffirmed that obstruction to left ventricular outflow 
is associated with systolic anterior motion—but only 
when the latter is severe (that is, when there is anterior 
leaflet-septal contact for greater than 30 percent of 
echocardiographic systole). Finally, by utilizing M mode 
echocardiographic findings, one can noninvasively 
classify most patients with hypertrophic cardiomyop- 
athy into their major hemodynamic subgroups and this 
differentiation has important clinical, therapeutic and 
prognostic implications.*?-46 


Methods 
Hemodynamic Methods 


Over a 5 year period, 74 patients with hypertrophic car- 
diomyopathy underwent both retrograde and transseptal left 
heart and right heart catheterization performed with use of 
the percutaneous Seldinger technique from the right groin. 
Simultaneous left ventricular inflow and aortic root pressures 
were recorded using a transseptal catheter advanced through 
the mitral valve orifice into the inflow tract and a retrograde 
catheter in the aortic root.4!42 Measurements were taken with 
the patients at rest as well as after provocation with amyl ni- 
trite, isoproterenol and premature ventricular stimulation. 
If a left ventricular outflow tract gradient was found, appro- 
priate measures were taken to ensure that there was no 
catheter entrapment.*!4? Left ventricular ejection time was 
recorded,*’ and vasopressor agents were used to abolish or 
reduce the gradient at rest^* when present. Left ventricular 
cineangiograms were obtained in all patients. Administration 
of propranolol was discontinued at least 24 hours before he- 
modynamic investigation. 


Echocardiographic Methods 


All patients underwent standard M mode echocardio- 
graphic studies performed with a Smith-Kline Echoline-20 
ultrasonoscope interfaced with a Cambridge or Irex recorder. 
A 2.25 megahertz transducer, 1.5 cm in diameter, was used and 
M mode scans were performed. All measurements were av- 
eraged over five cardiac cycles. Interventricular septal and 
posterior wall thickness was measured at the tips of the mitral 
valve leaflets with the transducer oriented so that both mitral 
leaflet tips could be seen. Septal and posterior wall thickness 
was measured at the onset of the QRS complex (after atrial 
systole) in the electrocardiogram. Left ventricular internal 
dimension at end-diastole and end-systole was measured in 
the standard manner. Left atrial size was measured at end- 
systole and recorded as enlarged if greater than 40 mm. The 
aortic cusps were observed and the characteristics of their 
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FIGURE 2. Determination of degree 
of systolic anterior motion of mitral 
valve. a, echocardiogram and line di- 
agram from a patient with moderate 
systolic anterior motion and b, a patient 
with severe systolic anterior motion. 
Symbols |, Il and IIl are explained under 
Methods. PML — posterior mitral leaflet. 
Other abbreviations as in Figure 1. 


movement were noted. All studies were performed with the 
patient not taking propranolol. 

Dimensions (Fig. 1): The left ventricular outflow tract 
dimension was obtained at the onset of systole (Fig. 1) by 
measuring the minimal distance between the left side of the 
interventricular septum and the initial systolic echo of the 
anterior mitral leaflet. Similarly, the anterior mitral leaflet- 
posterior wall distance was measured at the onset of systole 
by measuring the distance between the initial echo of the 
anterior mitral leaflet and the endocardial echo of the poste- 
rior left ventricular wall. 

Systolic anterior motion (Fig. 2): The degree of systolic 
anterior motion of the anterior mitral leaflet was assessed 
when both anterior and posterior mitral leaflet echoes and the 
posterior left ventricular endocardial wall were observed. It 
was quantitated by measuring the minimal distance between 
the left side of the interventricular septum and the anterior 
mitral leaflet (mitral-septal distance) at approximately mid 
systole (I in Fig. 2a). If there was mitral-septal contact, the 
ratio of the duration of that contact (II in Fig. 2b) to the total 
systolic echocardiographic time (III in Fig. 2b), defined from 
the C point of the mitral valve echo to the maximal point of 
posterior wall anterior motion, was obtained. 

Systolic anterior motion was defined as mild if the minimal 
anterior mitral leaflet-septal distance was greater than 10 mm, 
as moderate if this distance was 10 mm or less or if there was 
only brief anterior leaflet-septal contact (less than 30 percent 
of echocardiographic systole) and as severe if there was pro- 
longed anterior leaflet-septal contact (30 percent or more of 
echocardiographic systole). The EF slope was measured in the 
standard manner when possible. An accurate E-F slope could 
not be obtained with diastolic anterior mitral leaflet-septal 
contact, (that is, more than E point contact). Therefore, a 
further diastolic measurement was obtained by noting the 
presence or absence of diastolic anterior mitral leaflet-septal 
contact and, if this was present, obtaining the ratio of its du- 
ration to total diastolic time. Total diastolic time was defined 
by the interval from the D point to the C point in the mitral 
valve echocardiogram. 

Provocative procedure: Echocardiograms were obtained 
in all patients at rest, and after amyl nitrite provocation in 
most patients in the groups with no obstruction and latent 
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obstruction. Because of technical limitations, most, but not 
all, echocardiographic measurements could be made after 
provocation. 


Results 


Hemodynamic Results 


The 74 patients were subclassified into 4 specific 
subgroups on the basis of their hemodynamic findings 
(Table I): 

1. Obstruction at rest: Twenty-seven patients had 
a left ventricular outflow tract gradient at rest (mean 
67.4, range 30 to 120 mm Hg). 

9. Labile obstruction: Four patients had no gradient 
recorded at rest but at times, spontaneously, without 
specific provocation, had recorded gradients at rest of 
more than 30 mm Hg. 


TABLE | 
Hemodynamic Data (mean + 1 standard deviation) 


Gradient mm Hg 





Cases Provoca- LVEDP* 
(n) Rest tion (mm Hg) 
Nonobstructive 15 0 0 18:9 + 8.3! 
Latent 28 0 66.5 + 175 10.94 4.5 
obstruction 
Labile 4 0-90 (range) 118 +30 18.5 + 6.7 
obstruction 
Obstruction at 27 67.4 + 245 NA 16.8 + 8.2 
rest 


S oe S E 


* Normal left ventricular end-diastolic pressure (LVEDP) for this 
laboratory is <12 mm Hg. 

t Nonobstructive versus latent, p <0.001; latent versus patients at 
rest, p <0.001; nonobstructive versus patients at rest, not signifi- 
cant. 

t Mean maximal provocable gradient (with 1 4g of isoproterenol, 
inhalation of amyl nitrite or premature beat). 

§ Mean minimal gradient recorded at rest. 

NA = not applicable. 
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TABLE Il 


Echocardiographic Data 
TID qu dM ak aR DE Se SE 2 RN NU CRUDO TR Te MARRON Y OR ROT RU 7 hauts HER ERR 





Patients Patients With Obstruction 
Normal Without 
Group Obstruction Latent Labile At Rest 
(n — 50) (n = 15) (n — 28) (n — 4) (n = 27) 
SAM (see Tables Ill, IV and V) 
Aortic valve notching! 0 0 3 1 25* 
| Lat 0 2 4 1 25 
mr eT Ne ee a ELT Oe EA ST 203, Do SPUR EN heb, MR 
IVSt 8.7 + 1.4 17.12 1:5 20.2 3.4 214 $2 24.8 t 3.2 
pwt 7.8 + 1.3 10 + 0.99 9.6 t 1.4 13 + 1.2 13.2 + 1.6 
IVS/PW ratios 1.1 X 0.16 1.7 £ 0.19 2.14 0.45 1.65 + 0.1 1.9 X 0.25 
LVIDd* 46.1 + 3.8 43.1 + 4.8 38.8 + 6.5 36.8 + 8.5 37 £55 
LVIDs? 29.5 + 3.2 26 + 3.8 23.1 + 5.1 22.5 + 2.1 21.9 + 5.0 
IVS-AML: 30.3 + 3.8 24.7 t 4.8 19.7 + 3.0 17.5 4.4 14.9+ 4.9 
AML-PW? 15.6+ 3.1 18.1 + 3.4 18.6 + 5.04 16.3 + 4.1 22.2+ 3.8 
Aivst 3.0+ 1.4 2+ 1.04 0.77+ 1.1 0.25+0.5 0.65+ 1 
Apwt 6.1+ 2.6 9.9 + 3.4 8.7 + 2.3 5+ 1.6 7.6 t 2.6 
DE eL LR HEY REUS Ee dE ls E MRNA. 2, .o L2 S Ls o RUSO ad”, ce c RR RENDER ie ar i RR Y 


* This could be assessed in only 25 of the 27 patients. 
t Figures refer to numbers of patients with this abnormality. 
+ Measurements in mm (mean + 1 standard deviation). For probability values, see text. 
Mean + 1 standard deviation. 
AML = anterior mitral leaflet; IVS = interventricular septum; *LA = left atrial size > 40 mm; LVID = left ventricular internal dimension at end-diastole 
(d) and end-systole (s); PW = left ventricular posterior wall thickness; SAM = systolic anterior motion of the anterior mitral leaflet; A = increased 
thickness with systole. 


3. Latent obstruction: Twenty-eight patients had no with labile obstruction allowed for distinction between 
gradient recorded at rest during the major portion of the obstruction at rest and latent obstruction, the echo- 
hemodynamic investigation; 16 of these had no gradient cardiograms were not performed simultaneously with 
at all times, whereas 12 had gradients of less than 10 mm the hemodynamic measurements. Therefore, at times 
Hg for a brief period. With provocation, gradients of 30 these four patients had the echocardiographic charac- 
mm Hg or more were obtained (with either inhalation teristics of obstruction at rest, and at other times the 
of amyl nitrite, an intravenous bolus injection of iso- echocardiographic findings of latent obstruction. Thus, 
proterenol, 1 ug, or after a premature beat). these four could not be subclassified noninvasively by 

4. No obstruction: 15 patients had no gradient at rest M mode echocardiography into distinct groups and 
or after provocation. their echocardiographic findings will not be discussed 


further. Mean values + 1 standard deviation for all 


Echocardiographic Results groups are listed in Table II. Representative echocar- 


The echocardiographic data from the group without diograms are shown in Figure 3. 
obstruction, latent obstruction and obstruction at rest Systolic anterior motion of the mitral valve: This 
were compared with those of 50 normal subjects. Al- finding was not present in any of the 50 normal subjects. 


though the hemodynamic findings of the four patients Tables III and IV demonstrate the results of quantifi- 
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FIGURE 3. Echocardiograms from patients with no 
intraventricular obstruction (N.O.), latent obstruction (L.O.) 
and obstruction at rest (R.O.), showing mild, moderate 
and severe systolic anterior motion (SAM), respec- 
tively. 
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TABLE III 
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Quantification of Systolic Anterior Motion of Anterior Leaflet of Mitral Valve (SAM) 


Cases SAM 
(n) (total n) n 
Nonobstructive 15 2 2 
Latent 28 26 23 
At rest 27 27 


* See text. 


cation of systolic anterior motion and its degree in the 
subgroups of patients with hypertrophic cardiomyop- 
athy. 

Group without obstruction: Thirteen of 15 patients 
did not have systolic anterior motion and in the two 
patients with this finding, it was mild (Table IV, Fig. 3). 
In the patients with adequate echocardiographic studies 
after inhalation of amyl nitrite, systolic anterior motion 
did not appear in the group if this finding was absent at 
rest (six patients), nor did the amyl nitrite increase the 
degree of systolic anterior motion if it was initially mild 
(one patient). 

Group with latent obstruction: In 28 patients studied 
at rest without propranolol, systolic anterior motion was 
absent in 2, mild in 9 and moderate in 17 (Table IV, Fig. 
2 and 3). The two patients with no systolic anterior 
motion at rest exhibited a moderate degree with amyl 
.nitrite provocation (Table V). The other 18 patients 
with latent obstruction in whom adequate post-amyl 
nitrite echocardiographic studies could be obtained, 
exhibited a higher grade of systolic anterior motion, 
which became severe in 10 (Table V). Of 18 patients 
with latent obstruction studied with propranolol, 5 had 
no systolic anterior motion, 7 had a mild degree and 6 
had a moderate degree (Table V). Seventeen of these 
patients taking propranolol had adequate studies after 
inhalation of amyl nitrite, but the degree of systolic 
anterior motion increased in only 8 and became severe 
in none. 

Group with obstruction at rest: All patients with 
obstruction at rest had severe systolic anterior motion 
(Table IV, Fig. 3). 

Aortic valve systolic notching: Mid systolic 
notching of the aortic valve was not observed in any of 











Not Touching Touching 
Septum Septum 
(mm from septum) (percent contact)* 
Mean Range n Mean Range 
17 12-22 L5 ee 
10 2-23 3 22 20-25 
Wes 27 54 33-70 


TABLE IV 


Degree of Systolic Anterior Motion in the Subgroups of 
Hypertrophic Cardiomyopathy 


Cases 


(n) Absent Mild Moderate Severe 





Nonobstructive 15 13 2 E od 
Latent 28 2 9 17 TS 
At rest 27 5 NN — LAS 27 





the normal subjects or in any patient in the group 
without obstruction (Table II). Of the 17 patients in the 
group with latent obstruction who had adequate studies 
of the aortic valve in systole, only 3 had aortic valve 
notching. All 25 in the group with obstruction at rest in 
whom the aortic valve was clearly seen had aortic valve 
notching (Fig. 4). 

Left atrial size: The left atrium was increased be- 
yond the upper limits of normal in 25 of 27 of the group 
with obstruction at rest and in 4 of 28 in the group with 
latent obstruction and in 2 of 15 of the group without 
obstruction (‘Table II). 


Other Echocardiographic Results 


Septum and posterior wall (Table II, Fig. 5): Pa- 
tients with hypertrophic cardiomyopathy had a thicker 
septum than normal subjects, and there was a signifi- 
cant increase in septal thickness from the group without 
obstruction to the group with latent obstruction (p 
<0.001) and from the group with latent to the the group 
with resting obstruction (p «0.001). All of the 74 pa- 
tients with hypertrophic cardiomyopathy had a septal 





TABLE V 
Effect of Amy! Nitrite and Propranolol on the Degree of Systolic Anterior Motion in Patients With Latent Obstruction 
Basal State Amy! Nitrite * 
Absent Mild Moderate Severe Absent Mild Moderate Severe 
Without propranolol (n — 28) 2 9 17 0 0 0 10 10 
With propranolol (n = 18) 5 7 6 0 1 5 11 0 


TD bh al all VIO ce E titi p i EE a E E 


* Because of acoustic limitations, adequate studies could not always be obtained after inhalation of amyl nitrite. 
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FIGURE 4.  Aortic valve echocardiogram from a patient with ob- 
struction at rest demonstrating aortic valve mid systolic notching. 


thickness of 15 mm or greater compared with an upper 
limit of 11 mm in the 50 normal subjects. The posterior 
wall was only significantly thickened in patients with 
obstruction at rest. 

Septal to posterior wall thickness ratio: This ratio 
was greater than 1.5 in all patients with hypertrophic 
cardiomyopathy (Table II). There was overlap among 
_ the groups but the group with latent obstruction had the 
largest ratio. | 

Wall thickening with systole: The amount of septal 
thickening with systole was significantly less in all pa- 
tients with hypertrophic cardiomyopathy than in nor- 
mal subjects (Table II). The group with latent and the 
group with resting obstruction had significantly less 
thickening than the group without obstruction (p 
<0.001). Posterior wall thickening with systole was 
greater in all patients with hypertrophic cardiomyop- 
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FIGURE 5. Individual values for septal thickness together with group 
means (bars) in normal subjects and in patients with no obstruction, 
latent obstruction and obstruction at rest. 









athy than in normal subjects (p «0.001 for normal 
subjects versus the group without obstruction or with 
latent obstruction and p «0.05 for normal subjects 
versus the group with obstruction at rest). 

Left ventricular internal diameter: Patients with 
hypertrophic cardiomyopathy had a smaller left ven- 
tricular cavity than normal (Table II). Values in the 
group with latent obstruction and the group with ob- 
struction at rest were not significantly different from 
each other, but these two groups had a smaller left 
ventricular cavity size than that in the group without 
obstruction (p «0.05 and p «0.001, respectively, in both 
diastole and systole). 

Left ventricular outflow tract: Patients with hy- 
pertrophic cardiomyopathy had a narrower outflow 
tract than normal subjects (Table II, Fig. 6). The tract 
was significantly narrower in the group without ob- 
struction than in the normal subjects (p «0.001) and in 
the group with latent obstruction than in the group 
without obstruction (p «0.01). In the group with ob- 
struction at rest it was the narrowest and significantly 
narrower than in the group with latent obstruction (p 
« 0.001). 

Mitral leaflet position: All patients with hyper- 
trophic cardiomyopathy displayed some anterior dis- 
placement of the mitral valve compared with normal 
subjects (Fig. 7). The group with obstruction at rest 
showed the greatest anterior displacement compared 
with the normal subjects (p <0.001), followed by the 
group with latent obstruction (p <0.01 compared with 
normal subjects); the group without obstruction had the 
least anterior displacement compared with normal 
subjects (p <0.05). 

Diastolic measurements (Table VI): The E-F slope 
was greater than 50 mm/s in both normal subjects and 
in most patients in the group without obstruction. It was 
not possible to measure the E-F slope in most patients 
with latent obstruction or obstruction at rest because 
these patients had prolonged diastolic mitral valve- 
septal contact. In normal subjects diastolic contact was 
very brief (E point contact) or E point-septal separation 
was within 5 mm. In patients with no obstruction the 
mean duration of diastolic contact was 6 percent (in 
most this was only E point contact). In patients with 
latent obstruction, there was diastolic mitral valve- 
septal contact for 26 percent of diastole and in patients 
with obstruction at rest there was diastolic mitral 
valve-septal contact for 48 percent of diastole. No 
relation was found between left ventricular end-dia- 
stolic pressure and percent mitral valve-septal diastolic 
contact (r — 0.06). However, a significant correlation was 
found between size of the left ventricular outflow tract 
and percent mitral-septal diastolic contact (r = —0.61, 
p «0.001 ). 


Discussion 


Patients with hypertrophic cardiomyopathy can be 
hemodynamically classified into three major subgroups: 
those with no obstruction, those with latent obstruction 
and those with obstruction at rest to left ventricular 
outflow. In our experience, this classification has been 
very important as there are differences in symptoms, 
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response to therapy and prognosis.*?-*? Those patients 
with latent obstruction often have symptoms that are 
relieved by propranolol, whereas those patients with 
obstruction at rest often have progressive symptoms 
that are relieved with propranolol in only 25 percent of 
cases. ^^ The remaining patients with obstruction at rest 
often require surgery and are substantially benefited 
by ventriculomyotomy-myectomy.*4^-46 It has been our 
experience with the group without obstruction that 
some patients may have severe symptoms that may or 
may not be relieved with propranolol. 

With these important clinical considerations in mind, 
and in light of current differences in opinion on the 
significance of various echocardiographic findings, 49749 
we examined the M mode echocardiograms of 74 pa- 
tients with hypertrophic cardiomyopathy to determine 
whether a noninvasive prediction of their hemodynamic 
subgroups could be made. All of our patients with hy- 
pertrophic cardiomyopathy had asymmetric septal 
hypertrophy, reduced systolic interventricular septal 
thickening, reduced left ventricular internal diameter, 
narrowed left ventricular outflow tract dimension at the 
onset of systole, and anteriorly placed mitral leaflets. 
Although there are differences among the major he- 
modynamic subgroups in many of these measurements, 
there is much overlap and therefore these echocardio- 
graphic findings cannot be utilized to differentiate the 
subgroups. However, the striking M mode echocardio- 
graphic differences that enable differentiation among 
the three groups of patients with hypertrophic cardio- 
myopathy were the degree of systolic anterior motion 
of the mitral valve, the presence of aortic valve notching 
and the left atrial size. 


Systolic Anterior Motion of the Anterior Mitral Leaflet 


We have found, as have other investigators,?^?? that 
the mere presence of systolic anterior motion does not 
imply a resting gradient, even if there is systolic anterior 
leaflet-septal contact. However, we found that in all 
patients with obstruction at rest mitral-septal contact 
was present for at least 30 percent of echocardiographic 
systole, and we have termed this severe systolic anterior 
motion. Systolic anterior motion can also be useful in 
distinguishing between patients with latent ventricular 
outflow tract obstruction and patients with no ob- 
struction. In these patients, one must examine the de- 
gree of systolic anterior motion at rest as well as after 


TABLE VI 


Contact of the Septum by the Anterior Mitral Leaflet 
In Diastole 


Patients 
With Percent Contact* 
Contact equilibrio 
(n) Mean Range 
Nonobstructive (n — 15) 10! 6 3-20 
Latent (n — 28) 23 26 10-50 
At rest (n — 27) 27 48 15-80 


* See text. 
* Mostly E point contact. 
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FIGURE 6. Individual values for left ventricular outflow tract (LVOT) 
dimension (IVS-AML) at onset of systole with group means (bars) in 
normal subjects and in patients with no obstruction, latent obstruction 
and obstruction at rest. IVS-AML = interventricular septum-anterior 
mitral leaflet dimensions. 


inhalation of amyl nitrite. In the basal state, in patients 
with latent obstruction systolic anterior motion may be 
absent (2 of 28), mild (9 of 28) or moderate (17 of 28). 
Patients with no obstruction usually have no systolic 
anterior motion (13 of 15) and occasionally a mild va- 
riety (2 of 15). The distinction between patients with 
latent obstruction who have absent or mild systolic 
anterior motion and those patients with no obstruction 
can usually be made by the change that occurs with 
provocation. After inhalation of amyl nitrite, all of the 
patients with latent obstruction had either moderate 


MITRAL LEAFLET POSITION 
AML-PW 












RESTING 
OBSTRUCTIVE 


NORMAL NON-OBSTRUCTIVE LATENT 
OBSTRUCTIVE 


FIGURE 7. Individual values for mitral leaflet position (AML-PW) with 
group means (bars) in normal subjects and in patients with no ob- 
struction, latent obstruction and obstruction at rest. AML-PW = anterior 
mitral leaflet-posterior wall dimension. 
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or severe systolic anterior motion, whereas the latter did 
not change in the patients with no obstruction. In these 
patients with latent obstruction, the degree of systolic 
anterior motion that developed was less severe with 
propranolol therapy than in its absence. Therefore, all 
patients should be studied while not taking propranolol 
to ensure adequate provocation with amyl nitrite. Sys- 
tolic anterior motion is not an all or none phenomenon, 
and the mere recording of its presence or absence 
without specifying the degree, as has been done in prior 
studies,?* is unsatisfactory and may be misleading. 

Categorization of severity: With regard to the 
categorization of systolic anterior motion, we suggest 
that the most severe degrees obtained be chosen for 
analysis to minimize the effect of uneven mitral-septal 
contact. The complexes shown in Figure 8 are from a 
continuous M mode recording in a patient with ob- 
struction at rest (55 mm Hg gradient). In Figure 8a there 
is prolonged mitral-septal contact, whereas in Figure 
8b the anterior leaflet does not quite contact the sep- 
tum, although it has the same flat-topped configuration 
as the complexes with mitral-septal contact. Systolic 
anterior motion is an early systolic event4? occurring 
during the period of ejection.5? It is therefore not sur- 
prising that a small gap exists in some areas between the 
septum and the anterior mitral leaflet (in systole) to 
allow this ejection to take place. 

Mechanism: We believe that the Venturi mecha- 
nism?! provides the most plausible explanation for the 
occurrence and degree of systolic anterior motion. We 
have made similar observations to those of Henry et al.8 
correlating the narrowed left ventricular outflow tract 
at the onset of systole (Fig. 6) and the anterior dis- 
placement of the mitral valve (Fig. 7) with the presence 
of left ventricular outflow obstruction. Both anatomic 
arrangements are probably necessary for the Venturi 
mechanism to take place. Further support for this 


theory has been provided by Bellhouse et al.52 who 
constructed a model to simulate the production of Sys- 
tolic anterior motion. They showed it to be related to the 
rate of ventricular ejection and the proximity of the 
ejection jet to the anterior mitral leaflet. Therefore, as 
the ejection jet moves closer to the anterior mitral leaflet 
(as occurs in patients with obstruction at rest and a 
narrowed left ventricular outflow tract at the onset of 
systole, and with an anteriorly displaced anterior mitral 
leaflet) the degree of systolic anterior motion becomes 
greater. 

Mitral-septal contact and pressure gradient: 
Although the original descriptions of systolic anterior 
motion®®35 implied that its presence, regardless of de- 
gree, was associated with a left ventricular outflow tract 
gradient, more recent work®7:38 has shown that the mi- 
tral valve may briefly touch the septum without a gra- 
dient. That 3 of 28 patients with latent obstruction had 
brief mitral-septal contact at rest without a coexisting 
left ventricular outflow gradient supports this finding. 
A likely explanation for the presence of mitral-septal 
contact without a gradient is “uneven mitral-septal 
contact.”38 By this concept, the area of contact between 
the anterior mitral leaflet and ventricular septum in 
systole is nonuniform. This allows a sufficient overall 
left ventricular outflow area in systole in the patients 
with latent obstruction to preclude a gradient, but not 
in those with obstruction at rest who already have an 
anatomically narrower outflow tract at the onset of 
systole. 

We have recently demonstrated, in a combined 
echocardiographic and hemodynamic study,*9 an ex- 
tremely close temporal relation between mitral-septal 
contact and the pressure gradient in patients with ob- 
struction at rest. The pressure gradient develops at the 
onset of mitral-septal contact, and the latter persists for 
the duration of the pressure gradient. It seems likely 





FIGURE 8. Uneven systolic mitral-septal contact. Echocardiogram and line diagram from a continuous M mode recording in a patient with obstruction 
at rest. a, there is severe systolic anterior motion, with prolonged systolic mitral-septal contact (SSC); b, there is the same flat-topped appearance 
of systolic anterior motion but the leaflet does not quite contact the septum. Other abbreviations as in F igure 1. 
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that the anterior mitral leaflet is drawn into the outflow 
tract by a Venturi mechanism, but is sustained in po- 
sition (for more than 30 percent of echocardiographic 
systole) by the left ventricular systolic pressure. Thus 
in patients with obstruction at rest, systolic anterior 
motion appears to be a self-perpetuating phenomenon. 
Furthermore, we believe that the close temporal asso- 
ciation between prolonged mitral-septal contact and the 
pressure gradient is evidence that prolonged mitral- 
septal contact is the cause of the gradient. It also ex- 
plains its exclusive occurrence in patients with ob- 
struction at rest. 

Findings similar to ours, with respect to the correla- 
tion of the degree of systolic anterior motion with ob- 
struction, were reported by Feizi and Emmanuel.?? 
However, Chahine et al.*4 concluded that there was no 
relation between systolic anterior motion and the 
presence or absence of a gradient. In their study they 
noted that systolic anterior motion was present in four 
of seven patients with obstruction at rest, one of five 
patients with latent obstruction, and two of two patients 
with no obstruction. However, with the techniques they 
described, a distinction could not be made hemody- 
namically between true left ventricular outflow tract 
obstruction and cavity obliteration with catheter en- 
trapment, and therefore their correlation between 
systolic anterior motion and the left ventricular outflow 
tract gradient is open to question. 

Criley et al.4° have proposed that systolic anterior 
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motion may be due to vigorous contraction of the pos- 
terior left ventricular wall forcing the mitral leaflets 
forward into the outflow tract. However, we have re- 
cently demonstrated that maximal posterior wall 
movement occurs much later in systole than systolic 
anterior motion, which is an early event.^? This dis- 
crepancy makes this mechanism untenable. 

Other causes of systolic anterior motion: This 
echocardiographic finding has been reported in more 
than 15 conditions other than hypertrophic cardiomy- 
opathy. Combined M mode and two dimensional 
echocardiographic observations lead us to conclude that 
systolic anterior motion should be conceptually divided 
as in Table VII. Although systolic anterior motion 
usually represents motion of part of the normal mitral 
valve apparatus, it may be caused by other structures 
such as mitral valve vegetations or the disc of an aortic 
valve prosthesis (Rakowski H, Gilbert W, unpublished 
observations). Two dimensional echocardiography has 
identified two types of systolic anterior motion arising 
from the mitral valve apparatus.?* The first is produced 
by chordae tendineae or the anterior mitral leaflet tip, 
or both, the M mode correlate being mild or moderate 
systolic anterior motion. 'This has been demonstrated 
in mitral valve prolapse (Rakowski H, Gilbert W, un- 
published observations), and is the likely source of 
systolic anterior motion in patients with left ventricular 
aneurysm,!* aortic regurgitation!? or the so-called hy- 
percontractile states! and in otherwise normal 


Systolic Anterior Motion in Conditions Other Than Hypertrophic Cardiomyopathy 


Without 
obstruction 


2D-chordae and/or leaflet tip®* 


Mitral valve prolapse * 
LV aneurysm" 
Hypercontractile state '® 
Normal subjects 17 
Aortic regurgitation '? 


M-mode—mild/moderate 


SAM Mitral valve 
(true) apparatus 


- 


With obstruction 


2D—leaflet body 
M-mode—severe 


With LV 
hypertrophy (ASH) 


Pompe's disease" 
Friedreich's ataxia 
Infants of diabetic 
mothers*? 
D-transposition®® 
Concentric LVH59 


dynamics '? 


ba Without LV Hypovolemia '! 
hypertrophy Abnormal LV ejection 


Other structures Mitral valve vegetations * 
Aortic disc prosthesis 
SAM ASD?.!3 
(pseudo) Pericardial effusion?! 
Aortic root* 





* Rakowski H, Gilbert BW. Unpublished observations. 


ASD = atrial septal defect; ASH = asymmetric septal hypertrophy; LV = left ventricular; LVH = left ventricular hypertrophy; SAM = systolic 


anterior movement; 2D = two dimensional echocardiography. 
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subjects." Unlike latent obstructive hypertrophic 
cardiomyopathy this type of systolic anterior motion 
will not change with amyl nitrite.!7 

The second type of systolic anterior motion as seen 
by two dimensional echocardiography is that produced 
by involvement of the body of the anterior mitral leaf- 
let,°* the M mode equivalent being severe systolic an- 
terior motion as previously defined. This type has been 
reported with asymmetric septal hypertrophy in con- 
ditions other than hypertrophic cardiomyopathy; in 
Pompe’s disease,?? Friedreich's ataxia,® infants of di- 
abetic mothers,?? and d-transposition of the great ves- 
sels. It has also been demonstrated with concentric left 
ventricular hypertrophy.?? This “obstructive” systolic 
anterior motion has also been demonstrated without 
hypertrophy in hypovolemic states!! and in patients 
with “abnormal left ventricular ejection dynamics"? 
(although in this latter group asymmetric septal hy- 
pertrophy may have been missed because concomitant 
two dimensional studies were not performed). 

All these examples were considered to be “true” 
systolic anterior motion in that the anterior mitral 
leaflet returns at the end of systole to the same level at 
which it began at the onset of systole. In contrast to this 
are examples of systolic anterior motion in which the 
anterior leaflet at the end of systole does not return to 
its initial level. This “pseudo” systolic anterior motion 
has been demonstrated in secundum atrial septal de- 
fect®13 and pericardial effusion,!? and may also be seen 
as a problem of lateral resolution when posterior aortic 
root reflections appear at the mitral level giving a false 
impression of systolic anterior motion (Rakowski H, 
Gilbert W, unpublished observations). 


Aortic Valve Notching 


The second important M mode echocardiographic 
observation that helps distinguish the various 
subgroups of hypertrophic cardiomyopathy is aortic 
valve systolic notching. It was present in all 25 patients 
with obstruction at rest in whom adequate aortic valve 
echograms could be obtained. However, it was present 
in only 3 of 17 patients with latent obstruction and in 
no patient with no obstruction. 

Mechanism: Aortic valve closure in mid systole has 
been postulated9? to reflect the abrupt decrease in aortic 
blood velocity occurring at mid systole in patients with 
obstruction at rest. This was originally described by 
Hernandez et al.^?? and more recently by Boughner et 
al.9^9! using Doppler aortic velocity recordings. The 
abnormal Doppler pattern seen in patients with ob- 
struction at rest is not present in patients without ob- 
struction or in patients with latent obstruction.90,6! 
Aortic valve mid systolic notching may also be due, like 
systolic anterior motion, to a Venturi effect.9? The 
abrupt decrease in aortic flow would explain its high 

specificity for patients with obstruction at rest, whereas 
the Venturi effect would explain why 3 of 17 patients 
with latent obstruction also had this sign. 

Correlation with pressure gradient: Our findings 
on mid systolic closure of the aortic valve are in accord 
with most previous data. Krajcer et al.9? examined 31 


patients with hypertrophic cardiomyopathy; 9 patients 
without obstruction did not have aortic valve closure 
whereas 22 patients with a gradient of 20 mm Hg or 
more had the abnormal aortic valve motion. Feizi and 
Emmanuel” examined 15 patients with hypertrophic 
cardiomyopathy; 5 of the 7 patients with a gradient of 
20 mm Hg or more at rest had aortic valve systolic 
notching whereas the other 2 patients demonstrated 
chaotic movements of the leaflets throughout systole. 
One patient with latent obstruction also had the ab- 
normal aortic valve systolic pattern, whereas five pa- 
tients without obstruction had normal aortic valve 
echocardiograms. 


Left Atrial Size 


The third M mode echocardiographic feature that is 
useful, although to a lesser degree, in distinguishing the 
subgroups of hypertrophic cardiomyopathy is the left 
atrial size. Left atrial enlargement was largely confined 
to those patients with obstruction at rest. This is un- 
likely to be due to elevated left ventricular-diastolic 
pressure because patients with no obstruction have 
similarly elevated end-diastolic pressure but do not have 
left atrial enlargement. The left atrial enlargement may 
be secondary to the mitral regurgitation that is present 
in patients with obstruction at rest.®4 


Asymmetric Septal Hypertrophy 


All 74 patients with hypertrophic cardiomyopathy 
had asymmetric septal hypertrophy. The narrowest 
interventricular septum in this group was 15 mm. The 
interventricular septum was thicker in patients with 
obstruction at rest than in patients with latent ob- 
struction and was thicker in the latter group than in 
patients with no obstruction. However, there was such 
overlap that interventricular septal thickness could not 
be utilized to differentiate among the subgroups of 
hypertrophic cardiomyopathy (Fig. 5). 

Asymmetric septal hypertrophy has been reported 
in more than 15 conditions other than hypertrophic 
cardiomyopathy. It has been seen in patients with right 
ventricular hypertrophy! or inferior wall myocardial 
infarction,” patients on hemodialysis,?? Olympic ath- 
letes? and others.2^22.2426-31 Another problem in uti- 
lizing septal thickness as an important marker in pa- 
tients with hypertrophic cardiomyopathy is that inac- 
curate septal thickness may be recorded if the M mode 
beam is directed through a normal part of the septum 
in someone with a localized form of septal hypertro- 
phy.°4 However, asymmetric septal hypertrophy may 
be erroneously diagnosed by M mode echocardiography 
because of the obliquity of the beam to the septum.9^ 
These pitfalls may be avoided by careful attention to 
angulation of the transducer, gain control settings and 
M mode scanning techniques. 


Labile Obstruction 


Four patients were found to have “labile obstruction" 
(that is, in the basal state both zero gradients and gra- 
dients of greater than 30 mm Hg were recorded). Be- 
cause the M mode echocardiograms and hemodynamic 
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studies were not performed simultaneously, it was not 
surprising to observe echocardiographic signs of ob- 
struction at one time and not at other times. This was 
typified by one patient with labile obstruction who had 
severe systolic anterior motion and aortic valve notching 
at rest but moderate systolic anterior motion without 
aortic valve notching while taking propranolol. In con- 
trast, among patients with obstruction at rest, the de- 
gree of systolic anterior motion did not change with 
propranolol.® Therefore, with the changing hemody- 
namic pattern, we believed that we could not accurately 
subclassify this minor hemodynamic subgroup nonin- 
vasively by M mode echocardiography. 


Implications 


To make a diagnosis of hypertrophic cardiomyopa- 
thy, one must take into account factors other than M 
mode echocardiographic observations including history, 
physical examination, electrocardiogram and chest 
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roentgenogram.9" However, M mode echocardiography 
can aid in the diagnosis and, equally important, help 
subclassify the patients into the three major hemody- 
namic subgroups. Utilizing the presence and the degree 
of systolic anterior motion at rest and after provocation, 
as well as the presence or absence of aortic valve systolic 
notching, and the size of the left atrium, one can use M 
mode echocardiography to determine whether a patient 
with hypertrophic cardiomyopathy has intraventricular 
obstruction at rest, latent obstruction or no obstruction. 
Our data confirm and emphasize M mode echocardi- 
ography as a valuable adjunct to the management of 
patients with hypertrophic cardiomyopathy. 
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The clinical manifestations of symptomatic coronary arterial spasm were 
analyzed in 30 patients whose coronary arteriograms demonstrated no 
fixed severe obstructions. The study group consisted of 14 men and 16 
women (average age, 47 years). Angina at rest was invariable and it was 
usually typical in quality, location, duration and response to nitroglycerin. 
Exertional angina occurred in 23 percent and syncope with angina in 33 
percent. Spontaneous remission of angina for at least 1 month occurred 
in 57 percent of patients. Prinzmetal's variant angina occurred in 77 
percent of patients and only S-T segment depression or T wave changes 
during angina occurred in 23 percent. Major arrhythmias during ischemia 
developed in 47 percent. Exercise tests were positive in 24 percent. 
Myocardial infarction, probably due to coronary spasm, occurred in 7 
percent of patients. Isosorbide dinitrate and propranolol were effective 
therapy in only 39 percent and 6 percent of patients, respectively. Ni- 
fedipine, a calcium flux antagonist, was effective in 80 percent of pa- 
tients. 

Patients with normal coronary arteriograms who have clinical features 
suggestive of coronary arterial spasm should be considered for further 
investigation, including long-term electrocardiographic monitoring and 
provocative testing for spasm. 


Cardiologists commonly encounter patients with angina-like chest pain 
and normal or nearly normal coronary arteriograms.! Coronary arterial 
spasm has been implicated as the cause of chest pain in fewer than 10 
percent of such patients.?-* The problem that confronts the cardiologist, 
therefore, is to determine which patient with angina-like chest pain and 
normal coronary arteriograms is experiencing coronary spasm. 

Because Prinzmetal's variant angina is seen in most patients with chest 
pain due to coronary arterial spasm, an electrocardiogram should be 
taken during pain to detect S-T segment changes.?^* However, such an 
electrocardiogram is often difficult to obtain, especially when the pain 
is nocturnal, brief or infrequent. In these situations, S- T segment changes 
may be detected by continuous electrocardiographic monitoring. The 
ergonovine maleate provocative test for coronary arterial spasm, intro- 
duced by our group in 1972, is highly sensitive and specific for identifying 
symptomatic spasm.2-? The test is useful for reproducing the attacks 
of variant angina and for aiding in documenting spasm by arteriography. 
However, this test may be impractical to use in all patients with an- 
gina-like chest pain and normal coronary arteriograms. 

Which patients with angina-like chest pain and normal coronary ar- - 
teriograms merit further electrocardiographic evaluation and provocative 
testing for coronary arterial spasm? To answer this question, we analyzed 
the clinical findings of 30 patients with proved symptomatic spasm who 
have been evaluated at the Cleveland Clinic. 
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Methods 


Patients: Thirty patients who had proved symptomatic 
coronary arterial spasm and no fixed severe coronary arterial 
obstructions were studied. They were selected from 28,000 
patients who underwent cardiac catheterization for suspected 
arteriosclerotic heart disease at the Cleveland Clinic between 
December 1972 and April 1979. All patients met the following 
criteria for symptomatic spasm: (1) normal or mildly abnormal 
coronary arteriogram (less than 50 percent narrowing of cor- 
onary arterial diameter); (2) a history compatible with myo- 
cardial ischemia; (3) transient ischemic changes on the elec- 
trocardiogram during at least one spontaneous attack; (4) 
spontaneous coronary arterial spasm associated with transient 
ischemic electrocardiographic changes during coronary ar- 
teriography, or a positive ergonovine provocative test. 

A history of myocardial ischemia consisted of either typical 
or atypical angina, myocardial infarction or episodes of syn- 
cope or major arrhythmia (asystole, complete heart block, or 
ventricular tachycardia or fibrillation) preceded by transient 
ischemic electrocardiographic changes. The ergonovine pro- 
vocative test was positive if the coronary luminal diameter was 
narrowed by more than 75 percent.? If the test was performed 
without coronary arteriography, it was positive if angina and 
transient ischemic electrocardiographic changes developed 
within 15 minutes. 

Prinzmetal's variant angina was defined as (1) recurrent 
episodes of angina at rest; (2) transient S-T segment elevation 
during anginal attacks; and (3) normalization of the electro- 
cardiogram between attacks, with no evidence of acute myo- 
cardial infarction.®” The criteria for diagnosis of typical an- 
gina were described previously.5 Angina at rest included 


daytime resting angina, which occurred in the absence of 


physical exertion, and nocturnal angina, which awakened the 
patient from sleep. Spontaneous remission of angina was de- 
fined as no anginal attacks for at least 1 month while the pa- 
tient was taking no cardiac medications. 

Therapy: Nitroglycerin therapy was considered effective 
if one tablet relieved most anginal attacks within 10 minutes. 


TABLE | 
Clinical Manifestations of Symptomatic Coronary Spasm 
Frequency 
Patients of Trait 
(n) (%) 
Oe EC ee ee eS ee a CN 
Total number of patients 30 
Sex 
Male 14 47 
Female 16 53 
Symptoms 
Angina typical in 28 93 
quality and location 
Angina at rest 30 100 
Nocturnal angina 24 80 
Daytime resting angina 24 80 
Exertional angina 7 23 
Prinzmetal's angina 23 77 
Angina usually 24 80 
15 min or less in duration 
Angina prolonged for 30 13 43 
min or longer 
Spontaneous remission of 17 57 
angina for 1 mo or more 
Syncope with angina 10 33 
Syncope without angina 2 7 
Myocardial infarction 2 7 
Effective therapy 
. Nitroglycerin 19/29 66 
Isosorbide 11/28 39 
Propranolol 1/16 6 
Nifedipine 8/10 80 


Isosorbide dinitrate, propranolol and nifedipine were each 
considered effective if the frequency of anginal attacks de- 
creased by at least 50 percent and if these effects persisted for 
at least 3 months while the patient was receiving therapy. The 
usual dose of isosorbide dinitrate was 10 mg orally four times 
daily or 5 mg sublingually every 4 hours; that of propranolol 
was 40 mg four times daily; and that of nifedipine 10 mg four 
times daily. Nifedipine, a calcium flux antagonist,?.10 was 
administered only to patients with recurrent angina who did 
not respond to isosorbide dinitrate. 


Results 


Clinical manifestations (Table I): The age of the 
patient at onset of symptoms ranged from 36 to 65 years 
(average 47 years). Typical exertional angina, present 
in seven patients, was always a minor part of the clinical 
picture, except in two patients who had only exertional 
angina for several months initially, but who later had 
predominant angina at rest. Chest pain was precipitated 
by Cafergot® in two patients and by methysergide 
therapy in one. In one patient, attacks of angina in- 
creased from one a month to two a day after imipramine 
therapy, 75 mg/day, was started for depression. The 
attacks decreased again to one a month after imipra- 
mine was discontinued. Three patients experienced 
Raynaud’s phenomenon and eight suffered from mi- 
graine headaches. 

Ten patients had syncope with angina and four had 
five or more attacks of syncope. The mechanism of 
syncope was a major arrhythmia in six patients, hypo- 
tension without arrhythmia in two and not known in 
two. Two patients had syncopal attacks with and 
without angina. Four patients required a permanent 
pacemaker because of bradyarrhythmias with angina. 


TABLE Il 


Electrocardiographic and Catheterization Findings in 
Symptomatic Coronary Spasm 


msc nc —-———"———————————— 


Frequency 
Patients of Trait 
(n) (%) 
cm PR PE MV SE ne i CE 
Total number of patients 30 
Electrocardiogram (ECG) 
S-T elevation with at least some 23 77 
attacks 
S-T elevation with all attacks 18 60 
S-T depression or T wave changes 7 23 
with all attacks 
No ECG changes during 2 7 
some ischemic attacks 
Location of S-T elevation, when 
present: 
inferior 18/23 78 
anterior 4/23 17 
Major arrhythmias during 14 47 
ischemia 
Positive stress test 6/25 24 
S-T elevation 2/25 8 
S-T depression 4/25 16 
Catheterization results 
Previously ''normal'' catheterization 5 50 
Spontaneous coronary 6 20 
spasm, angina, and ECG 
changes during catheterization 
Mitral valve prolapse 2 7 
Completely normal 4 13 


coronary arteries 
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Electrocardiographic findings (Table ID): Resting 
electrocardiograms were normal in 25 patients and ab- 
normal in 5. Acute transmural myocardial infarction 
occurred in two patients. After infarction, attacks of 
Prinzmetal's variant angina continued in both patients, 
with S-T segment elevation in the same leads that 
demonstrated the infarction. 

Eighteen patients had S- T segment elevation with 
all observed attacks of myocardial ischemia, four had 
S-T segment elevation with some attacks and S-T seg- 
ment depression or T wave changes with other attacks 
and one patient had S-T segment elevation with some 
attacks and no changes with others. Seven patients had 
only S-T segment depression or T wave changes during 
ischemic attacks. When S-T segment elevation was 
observed, it always occurred in the same leads of the 
electrocardiogram in any single patient. In two patients 
with Prinzmetal's variant angina, no electrocardio- 
graphic changes were seen during an anginal attack 
produced by coronary arterial spasm during angiogra- 
phy. One patient had total obstruction of a posterolat- 
eral branch of the right coronary artery during angina, 
and the other had 95 percent obstruction of the main 
circumflex trunk before the origin of several postero- 
lateral branches. 

One or more of the following arrhythmias occurred 
in 14 patients during spontaneous myocardial isch- 
emia: ventricular tachycardia or fibrillation (12 pa- 
tients), complete heart block (2 patients) or asystole (3 
patients). Among 36 episodes of severe coronary arterial 
spasm observed angiographically, major arrhythmias 
occurred in 5 (14 percent). These arrhythmias occurred 
in 3 of 27 patients with induced coronary arterial spasm 
(11 percent) and in 2 of 9 patients with spontaneous 
spasm (22 percent). 

Demonstration of coronary spasm: The ergonovine 
maleate provocative test was positive in all 29 patients 
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FIGURE 1. Case 1. Electrocardiographic changes produced by angina. 
A, after prolonged chest pain, deep T wave inversion is present in an- 
terolateral leads. B-and E, during pain-free periods T wave inversion 
persists in the right precordial leads. C, inverted precordial T waves 
become upright during nocturnal angina. D, S-T segment elevation 
occurs in lead V4 during an attack of angina and coronary arterial spasm 
induced by ergonovine maleate. 
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in whom it was performed. In 22 patients, severe coro- 
nary spasm was observed angiographically during an 
attack of Prinzmetal's variant angina. In each case, 
spasm developed in the artery corresponding to the lo- 
cation of S- T segment elevation. Among the 30 patients 
in this study, severe coronary spasm involved the right 
coronary artery in 17, the left anterior descending artery 
in 12, the circumflex artery in 9 and the left main trunk 
in 1. The spasm involved two or more arteries simulta- 
neously in six patients. In four patients, severe spasm 
was observed during an attack of angina with S-T seg- 
ment depression or T wave inversion. 'Two of these pa- 
tients had spasm in the right coronary artery, one in the 
left main trunk, and one in multiple coronary arte- 
ries. 

Pulse or blood pressure did not increase in 15 of 16 
patients whose intraaortic pressures were recorded 
before and during an attack of angina induced by cor- 
onary spasm. In four patients, the systolic blood pres- 
sure decreased 50 mm Hg or more during angina. 

Most patients responded well to nifedipine therapy 
but not to isosorbide dinitrate or propranolol (Table I). 
The frequency of angina increased in one patient during 
propranolol therapy. 


Case Histories 


Two case histories are presented to illustrate the variable 
clinical picture in patients with symptomatic coronary arterial 
spasm. 

Case 1: A 41 year old woman first experienced substernal 
pain for 2 hours in August 1976. In December 1977, she was 
hospitalized because of episodes of prolonged chest pain that 
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FIGURE 2. Case 1. Continuous electrocardiographic monitor (precordial 
bipolar lead). A, inverted T waves are present when the patient is 
pain-free. B and C, the T waves become upright during mild attacks of 
angina and S-T segment elevation is present in the premature ventricular 
complexes. D, during severe angina, S-T segment elevation is present 
in the conducted beats and premature ventricular complexes, and a 
short run of ventricular tachycardia occurs. 
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FIGURE 3. Case 1. Graded vectorcardiographic stress test (Frank leads). 
At rest (left) the S-T segments are isoelectric. At a work load of 300 
kilopond-meters (KPM) (right), S-T segment elevation occurs in lead 
X and S-T segment depression in leads Y and Z (equivalent to S-T 
segment elevation in leads | and V» and S-T segment depression in lead 
aVF). 


recurred over a period of 3 days. Serial electrocardiograms 
were suggestive of a recent anterolateral subendocardial in- 
farction, but serum cardiac enzyme levels were normal (Fig. 
1A). On one occasion while in the hospital, the patient had 
syncope during angina. In January 1978, she was rehospital- 
ized and then transferred to the Cleveland Clinic because of 
angina that occurred on minor exertion and at rest. She also 
had migraine headaches. An electrocardiogram showed per- 
sistent T wave inversion in the anterior precordial leads and 
aVL (Fig. 1B). During angina at rest, the inverted precordial 
T waves became upright and then S- T segment elevation oc- 
curred (Fig. 2D). When attacks were mild, only the T wave 
changes occurred (Fig. 1C and 2B and C). Ventricular tachy- 
cardia occurred during an attack of Prinzmetal's variant an- 
gina (Fig. 2D). Immediately after a maximal graded stress test, 
angina and premature ventricular contractions occurred, and 


S-T segment elevation developed in Frank lead X and S-T 
segment depression in leads Y and Z (Fig. 3). 

A left ventriculogram and coronary arteriogram were 
normal, except for 20 percent narrowing in the proximal an- 
terior descending artery (Fig. 4A). Ergonovine maleate, 0.1 
mg, produced total obstruction of the anterior descending 
artery and 60 percent narrowing in the left main trunk and 
circumflex arteries (Fig. 4B) in association with angina and 
S-T segment elevation in lead V4 (Fig. 1D). These changes 
subsided rapidly after nitroglycerin was given. The patient 
was treated with isosorbide dinitrate and nitroglycerin oint- 
ment; this resulted in slight lessening of symptoms, but she 
continued to have angina three times a day. After the addition 
of nifedipine, 40 mg/day, the anginal attacks decreased to one 
a day. 

Case 2: A 47 year old man experienced substernal pain, 
dyspnea, diaphoresis and syncope in July 1971. An electro- 
cardiogram was normal after this attack (Fig. 5A). In April 
1972, he had chest pain and syncope, during which an elec- 
trocardiogram showed S-T segment elevation in inferior leads 
(Fig. 5B). The next day, an electrocardiogram and serum en- 
zyme levels were normal. A coronary arteriogram revealed 
minor irregularities. The patient continued to have frequent 
chest pain at rest, sometimes followed by syncope. He also 
experienced syncope without chest pain (Fig. 5D). He denied 
having chest pain on exertion. In May 1974, he had a syncopal 
episode, during which his blood pressure could not be ob- 
tained. An electrocardiogram revealed left anterior hemiblock 
and widespread S-T segment depression (Fig. 5C). The blood 
glucose level and electroencephalogram were normal. During 
a stress test, he had 3 mm S-T segment elevation in Frank lead 
Z and S-T segment depression in leads X, Y and CBs. The 
pulse rate increased from 70 to 150/min, and the blood pres- 
sure decreased from 125/100 to 100/75 mm Hg. The patient 
had no chest pain, however. 

A repeat coronary arteriogram demonstrated only minor 
irregularities (Fig. 6A). A left ventriculogram was normal. 
After 0.1 mg of ergonovine maleate was given, the left coronary 
artery showed diffuse, moderate narrowing and the dominant 
right coronary artery became totally obstructed (Fig. 6B). 
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FIGURE 4. Case 1. A, arteriogram of left coron 
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ary artery in right anterior oblique projection demonstrates localized 20 percent narrowing in the 


anterior descending coronary artery (arrow) near its origin. B, after ergonovine maleate testing, the anterior descending coronary artery becomes 
totally obstructed (arrow) at its origin and 60 percent narrowing develops in the left main trunk and circumflex arteries. At this time, the patient 


had angina and S-T segment elevation in the precordial leads. 
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Nitroglycerin was immediately given and both coronary ar- 
teries returned to their previous appearance. No angina or 
electrocardiographic changes occurred. The patient was 
treated with isosorbide dinitrate, and the frequency of angina 
and syncope decreased markedly. 


Discussion 


Patient selection: The patient population comprised 
4 well defined subset of patients with ischemic heart 
disease. All had symptomatic coronary arterial spasm 
and no fixed severe coronary arterial obstructions. We 
relied on provocative testing to identify most patients 
in this series. The sensitivity and specificity of the er- 
gonovine provocative test have previously been dem- 
onstrated.2-!! The selection of patients for provocative 
testing may have been biased toward those with 
Prinzmetal's variant angina; however, we attempted to 
avoid this bias by evaluating the ergonovine test in pa- 
tients with other syndromes.? 

Prevalence, age and sex distribution: The syndrome 
of symptomatic coronary spasm in patients without 
fixed severe coronary arterial obstructions is rare. We 
found 30 cases (0.1 percent) among 28,000 patients 
undergoing cardiac catheterization for suspected arte- 
riosclerotic heart disease. Higgins et al.'? found the 
combination of Prinzmetal's variant angina and a nor- 
mal coronary arteriogram in 8 (0.3 percent) of 2,350 
patients. Lichtlen!? found "ischemic coronary spasm" 
in 2 (0.07 percent) of 3,000 patients. These figures 
probably underestimate prevalence of this syndrome. 
Unless provocative testing is used, this syndrome may 
not be diagnosed because in most patients (80 percent 
in this study) symptomatic coronary spasm does not 
develop spontaneously during arteriography. 

The average age of our patients was 47 years. In a 
study by Selzer et al.'4 the average age of patients with 
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FIGURE 5. Case 2. Electrocardiographic changes during myocardial 
ischemia. A, electrocardiogram is normal when the patient is asymp- 
tomatic. B, S-T segment elevation in the inferior leads develops during 
an attack of angina, followed by hypotension and syncope. C, left an- 
terior hemiblock and widespread S-T segment depression, and D, 
widespread T-wave inversion develops during two separate attacks of 
syncope and hypotension without angina. 


Prinzmetal's variant angina was 47 years in those with 
normal coronary arteriograms and 56 years in those with 
fixed severe obstructions. The youngest patient thus far 
reported on with variant angina and normal coronary 
arteriograms was 23 years old.!° The number of men and 
women in our study was nearly equal, which is similar 
to the distribution in Selzer's study. 

Angina: All patients with symptomatic coronary 
arterial spasm had angina at rest. The angina was typ- 
ical in quality, location and duration in most patients. 
Although the anginal attacks usually subsided within 
15 minutes in 80 percent of patients, 43 percent had one 
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FIGURE 6. Case 2. A, arteriogram of right coronary artery in left anterior oblique projection demonstrates 20 to 30 percent narrowings throughout 
this artery after administration of nitroglycerin. B, multiple areas of total and subtotal obstruction (arrows) are seen after ergonovine maleate. 
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or more episodes of prolonged angina lasting more than 
30 minutes. Nocturnal angina and daytime resting an- 
gina occurred in most patients (80 percent). Selzer et 
al.!^ also found a high frequency of nocturnal angina 
among patients with coronary arterial spasm. Sponta- 
neous remission of symptoms in the absence of therapy 
was common (57 percent). This phenomenon could 
complicate the evaluation of medical therapy in indi- 
vidual patients. 

Although rest pain eventually predominated in all 
patients, exertional pain occurred in 23 percent. Two 
patients had an anginal pattern similar to that of a pa- 
tient described by Berman et al.!9: This patient initially 
had exertional angina for 2 years and later had pre- 
dominant pain at rest with S-T segment elevation. 
Selzer et al.!4 found exertional chest pain in 11 percent 
of patients with Prinzmetal's variant angina and normal 
coronary arteriograms. Patients with Prinzmetal's 
variant angina often have painless episodes of transient 
S-T segment elevation.!7 Maseri et al.!8 found that 
during continuous electrocardiographic monitoring in 
patients with Prinzmetal's variant angina, more than 
two thirds of the episodes of S- T segment elevation were 
not accompanied by angina. In one reported case of 
probable coronary arterial spasm the patient never 
experienced angina despite 20 episodes a day of tran- 
sient S-T segment elevation.!? Prchkov et al.?? described 
a patient with coronary spasm whose only symptom was 
syncope, which was associated with episodes of transient 
S-T segment elevation and ventricular tachycardia. 

Precipitating agents: In our study several drugs 
administered for noncardiac diseases precipitated an- 
gina in patients with symptomatic coronary arterial 
spasm. Cafergot®, which contains the potent vasocon- 
strictor, ergotamine tartrate, precipitated angina in two 
patients who were treated for migraine headaches. One 
tablet of methysergide provoked prolonged attacks of 
Prinzmetal's variant angina in one patient who was 
being treated for migraine headaches; this agent, an 
ergonovine derivative, is a known coronary vasocon- 
strictor.?^! One patient experienced a marked increase 
in frequency of angina at rest 1 week after starting to 
take imipramine, a tricyclic antidepressant. Tricyclic 
antidepressants block the reuptake of norepinephrine 
at the cell membrane of adrenergic neurons, resulting 
in increased levels of norepinephrine at the receptor site. 
In this way, these drugs potentiate the vasopressor re- 
sponse to exogenous norepinephrine.” Vasoconstricting 
drugs, especially ergot alkaloids, methysergide and 
tricyclic antidepressants, should be avoided or used with 
extreme caution in patients with symptomatic coronary 
arterial spasm. 

Syncope: Thirty-three percent of patients in this 
study experienced syncope during anginal attacks. 
Because syncope is uncommon in patients with typical 
angina, its presence suggests the diagnosis of coronary 
arterial spasm. Rarely, coronary spasm may produce 
syncope without angina.?? Two patients had angina with 
some syncopal spells, but not with others. Syncope in 
association with coronary spasm may be produced by 
several mechanisms. Ventricular bradyarrhythmias and 
tachyarrhythmias have been well documented during 


syncope.””9.23-25 Hypotension without arrhythmia de- 
veloped in one patient (Case 2) during syncope; pre- 
sumably, this hypotension was produced by decreased 
cardiac output due to severe myocardial ischemia. It is 
important to document the cause of syncope in patients 
with symptomatic coronary spasm. If the syncope is 
produced by bradyarrhythmia, permanent pacemaker 
insertion is often indicated. In this study, four patients 
(13 percent) required a permanent pacemaker because 
of bradyarrhythmias precipitated by coronary spasm. 
Pacemaker therapy was effective in preventing syncope, 
but had no effect on the frequency of anginal attacks. 

Myocardial infarction and death: Transmural 
myocardial infarction occurred spontaneously in two 
patients. Because both continued to have Prinzmetal’s 
variant angina with S-T segment elevation in the leads 
that demonstrated the infarction, it is likely that the 
infarction was produced by coronary arterial spasm. 
Two other patients with coronary spasm have been 
described^?9 who had transmural myocardial infarction 
in the absence of fixed severe coronary obstruction; both 
patients also continued to have variant angina after the 
infarction. Coronary spasm has never been demon- 
strated to be the cause of myocardial infarction in pa- 
tients with normal coronary arteriograms who do not 
have Prinzmetal’s variant angina. Provocative tests for 
spasm in such patients have been negative.? 

Wiener et al.?6 described a patient who died as a result 
of coronary arterial spasm. The cause of death was 
probably ventricular fibrillation induced by myocardial 
ischemia because this arrhythmia had occurred previ- 
ously during spasm. At least seven other patients with 
Prinzmetal’s variant angina and normal coronary ar- 
teriograms have died suddenly, probably because of 
coronary spasm.!?!72477-9 Six had complete heart 
block or ventricular tachycardia during angina. 
Therefore, patients with coronary spasm who have 
major arrhythmias are probably at highest risk for 
sudden death. 

Other vasospastic disease: The occurrence of either 
migraine headaches or Raynaud’s phenomenon in 37 
percent of patients with symptomatic coronary arterial 
spasm suggests a common pathophysiology for the 
spasm.” It also creates a therapeutic dilemma because 
vasodilator therapy for coronary spasm aggravates 
migraine headaches and the use of ergot derivatives for 
treating migraine headaches can precipitate spasm. 

Electrocardiographie changes: Attacks of 
Prinzmetal’s variant angina occurred in 77 percent of 
patients with symptomatic coronary arterial spasm. 
When S-T segment elevation was present, it occurred 
in inferior electrocardiographic leads in 78 percent of 
patients. Therefore, as Nevins advised,*! it is important 
to monitor inferior as well as precordial leads in such 
patients. If only a precordial lead is monitored during 
chest pain produced by coronary spasm, S-T segment 
elevation will be missed in most patients. 

Prinzmetal et al.’ described T wave changes during 
mild attacks of angina in a patient who had S-T segment 
elevation during severe attacks. In our study, 40 percent 
of patients had T wave changes or S-T segment de- 
pression with at least some anginal attacks and 23 per- 
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cent had these electrocardiographic changes with all 
observed attacks. Only two patients were observed to 
have no electrocardiographic changes during some ep- 
isodes of angina due to coronary arterial spasm. 
Therefore, because some electrocardiographic change 
was nearly invariable during angina produced by coro- 
nary spasm, it is important to obtain an electrocardio- 
gram during chest pain in patients suspected of having 
this syndrome. A normal complete electrocardiogram 
during chest pain is strong evidence against coronary 
spasm as a cause of the pain, but does not completely 
exclude it. 

When transient S-T segment elevation was present, 
it always occurred in the same leads in any one patient 
in this study. Haywood et al.?? described the unusual 
case of a patient with normal coronary arteriograms and 
probable coronary arterial spasm who had S- T segment 
elevation in leads II, III and aVF, alternating with S-T 
elevation in leads I and aVL during anginal attacks. 
This pattern of alternation of S-T segment elevation is 
rare and is probably due to alternating spasm in dif- 
ferent coronary arteries. 

Major arrhythmias occurred commonly (47 percent) 
in the patients in this study. Ventricular tachycardia or 
fibrillation was much more common than asystole or 
complete heart block. Higgins et al. found such ar- 
rhythmias in 6 of 11 patients with Prinzmetal's variant 
angina and normal coronary arteriograms. This large 
incidence of major arrhythmias is probably due to the 
severe degree of myocardial ischemia produced by 
coronary arterial spasm. 

Exercise tests: These were positive in 24 percent of 
patients tested who had coronary arterial spasm. Among 
the six patients with positive tests, S-T segment de- 
pression occurred more commonly than S-T segment 
elevation. The development of S-T elevation during a 
stress test in a patient with no fixed severe coronary 
arterial obstructions suggests that exertion may pre- 
cipitate coronary spasm.?* This was recently proved by 
Specchia et al.** and Yasue et al.,?» who angiographi- 
cally documented coronary arterial spasm during ex- 
ercise-induced angina with S-T segment elevation. All 
these patients had angina at rest in addition to exer- 
tional angina. Yasue et al.?? demonstrated a circadian 
variation in exercise capacity in their patients: Coronary 
arterial spasm was induced by exercise in the early 
morning, but not in the afternoon. 

Catheterization and coronary arteriographic 
findings: Most patients in our study (80 percent) re- 
quired provocative testing for angiographic demon- 
stration of spasm. Because vasodilators (and possibly 
atropine) may prevent spontaneous coronary arterial 
spasm,*° it is probably best to avoid these medications 
before cardiac catheterization in patients with a syn- 
drome suggestive of spasm. 

Major arrhythmias developed during angiographi- 
cally demonstrated severe coronary arterial spasm in 
14 percent of the patients in this study. In patients who 
have major arrhythmias during spasm, we prefer to 
administer nitroglycerin solution directly into the 
spastic artery because this usually reverses the spasm 
and terminates the arrhythmia rapidly. 
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The absence of an increase in pulse or blood pressure 
immediately before an attack of angina is characteristic 
of coronary arterial spasm.*’ The opportunity rarely 
arises to measure hemodynamic variables just before 
the onset of angina, but it is relatively simple to measure 
the pulse and blood pressure during angina. Pulse and 
blood pressure did not increase during angina in 94 
percent of patients with coronary arterial spasm and 
blood pressure decreased 50 mm Hg or more in 25 per- 
cent. Therefore, it may be helpful to measure hemody- 
namic variables during an attack of angina in a patient 
with a normal coronary arteriogram. A marked reduc- 
tion in blood pressure and no increase in pulse rate 
would be suggestive of coronary spasm. 

Of particular interest in this study ts the demon- 
stration by angiography that coronary arterial spasm 
may produce angina associated with either S-T seg- 
ment depression or T wave changes rather than S-T 
segment elevation. We observed two mechanisms by 
which this may occur: (1) The ischemic attack was not 
sufficiently severe or prolonged to produce S-T segment 
elevation (Case 2), or (2) global ischemia was produced 
by obstruction of the left main trunk or multiple coro- 
nary arteries. Moreover, coronary spasm may rarely 
produce angina without electrocardiographic abnor- 
malities. In both patients in whom this occurred, the 
area of ischemia involved the posterolateral wall of the 
left ventricle, which is more likely to be electrically 
“silent” in the electrocardiogram. 

Chesler et al.?8 postulated a relation between coro- 
nary arterial spasm and mitral valve prolapse. We 
were unable to confirm this relation because prolapse 
was demonstrated angiographically in only 7 percent 
of patients with symptomatic coronary spasm, although 
prolapse might have been detected more frequently if 
echocardiograms had been performed in all patients. 
Nevertheless, mitral valve prolapse appears to be un- 
common in patients with symptomatic coronary 
spasm. 

Coronary arteriograms in this study were considered 
abnormal even if segments of ectasia or 10 percent 
narrowing were present. The arteriograms were con- 
sidered completely normal in only 4 (13 percent) of 30 
patients. In patients with mild fixed obstructions, cor- 
onary spasm often occurred at the site of mild ob- 
struction. The relation between coronary atherosclerosis 
and coronary spasm is unclear at this time, but most 
patients with the syndrome of symptomatic coronary 
spasm have at least mild coronary atherosclerosis. 

Therapy of coronary spasm: Most patients ob- 
tained rapid relief of angina with nitroglycerin, but 34 
percent had a minimal or no response. Therefore, lack 
of response to nitroglycerin does not preclude the di- 
agnosis of symptomatic coronary arterial spasm. Most 
patients did not respond to isosorbide dinitrate in the 
dosage used; perhaps larger doses would be effective. 
Berman et al.!6 described a patient who responded only 
after the dose of isosorbide dinitrate was increased to 
60 mg orally every 3 hours. Propranolol therapy pro- 
duced no improvement in most patients and one patient 
had an increased frequency of angina after taking pro- 
pranolol. 'The dosage of propranolol was usually 160 
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mg/day or less and it is possible that larger doses would 
be effective. Our initial experience with nifedipine, 39 a 
calcium flux antagonist, suggests that it is effective in 
most patients with coronary spasm who are unrespon- 
sive to nitrate therapy. This confirms the experience of 
other investigators.?.10,.40 


Summary of Clinical Findings 


In patients with normal or nearly normal coronary 
arteriograms, coronary arterial spasm may produce a 
variety of symptoms (Table I). A characteristic profile 
emerges that may assist the clinician in identifying 
patients with this rare syndrome. Patients who conform 
to this clinical profile should undergo long-term elec- 
trocardiographic monitoring if an electrocardiogram 
was never obtained during pain. An ergonovine maleate 
provocative test for coronary arterial spasm should be 
considered in any patient with a normal or nearly nor- 
mal coronary arteriogram who has a clinical picture 
suggestive of symptomatic spasm. 

The following outline should assist in identifying the 
patient with coronary arterial spasm among those who 
have chest pain and normal arteriograms: 

I. Clinical findings suggestive of symptomatic 
coronary arterial spasm and present in most 
patients: 

1. Predominant chest pain at rest (100 per- 
cent). 
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2. Transient ischemic electrocardiographic 
changes during all attacks of chest pain (93 
percent). 

3. Chest pain typical of angina in quality and 
location (93 percent). 

4. Prinzmetal’s variant angina (77 percent). 

9. Recurrent nocturnal chest pain (80 per- 
cent). 

II. Clinical findings suggestive of symptomatic 
coronary arterial spasm, but present in less 
than 50 percent of patients: 

1. Major arrhythmias with chest pain at rest (47 
percent). 

2. Other vasospastic disease (37 percent). 

3. Marked decrease in blood pressure during 
chest pain (25 percent). 

4. Syncope with chest pain (33 percent). 

5. Positive stress test with S-T segment eleva- 
tion (8 percent). 


III. Clinical findings usually not associated with 


symptomatic coronary arterial spasm: 

1. Exertional chest pain only and no rest pain. 

2. Normal electrocardiogram during chest 
pain. 

3. Isolated myocardial infarction without 
Prinzmetal's variant angina. 

4. Tachycardia and increase in blood pressure 
during chest pain. 


tation of etiologic factors. Am J Cardiol 1976;37:831-9. 
Lichtlen P. Coronary spasm during angiography. In: Lichtlen, PR, 
ed. Coronary Angiography and Angina Pectoris. Stuttgart: Georg 
Thieme, 1976:7 1-6. 

Selzer A, Langston M, Ruggeroli C, Cohn K. Clinical syndrome 
of variant angina with normal coronary arteriogram. N Engl J Med 
1976;295:1343-7. 

Athanassopoulos CB, Maroutsos CG. Prinzmetal's angina. Br Heart 
J 1977;39:911-3. 


. Berman ND, McLaughlin PR, Huckel VF, et al. Prinzmetal's angina 


with coronary artery spasm: angiographic, pharmacologic, met- 
abolic and radionuclide perfusion studies. Am J Med 1976;60: 
727-32. 

Cheng TO, Bashour T, Kelser GA Jr, Weiss L, Bacos J. Variant 
angina of Prinzmetal with normal coronary arteriograms: a variant 
of the variant. Circulation 1973;47:476-85. 

Maseri A, Severi S, DeNes M, et al. “Variant” angina: one aspect 
of a continuous spectrum of vasospastic myocardial ischemia. Am 
J Cardiol 1978;42:1019-34. 

Guazzi M, Olivari MT, Polese A, Fiorentini C, Magrini F. Repetitive 
myocardial ischemia of Prinzmetal type without angina pectoris. 
Am J Cardio] 1976;37:923-6. 

Prichkov VK, Mookherjee S, Schiess W, Obeid AE. Variant anginal 
syndrome, coronary artery spasm, and ventricular fibrillation in the 
absence of chest pain (letter). Ann Intern Med 1974;81:858-9. 
Buenger RE, Hunter JA. Reversible mesenteric artery stenoses 
due to methysergide maleate. JAMA 1966;198:144-6. 
Jefferson JW. A review of the cardiovascular effects and toxicity 
of tricyclic antidepressants. Psych Med 1975;37:160-79. 

Black MM, Black A, Huntington P. Prinzmetal's variant angina with 
syncope: treatment with permanent demand pacemaker. NY State 
J Med 1976;76:255-8. 

Curry CL, Andy JJ. Variant angina pectoris: four cases to illustrate 
the spectrum. J Natl Med Assoc 1975;67:349-53. 

Endo M, Hirosawa K, Kaneko N, Hase K, Inoue Y, Konno S. 
Prinzmetal's variant angina: coronary arteriogram and left ven- 


26. 


27. 


28. 


29. 


30. 
31. 


32. 


33. 


triculogram during angina attack induced by methacholine. New 
Engl J Med 1976;294:252-5. 

Wiener L, Kasparian H, Duca PR, et al. Spectrum of coronary 
arterial spasm: clinical, angiographic, and myocardial metabolic 
experience in 29 cases. Am J Cardiol 1976;38:945-55. 

Cosby RS, Giddings JA, See JR, Mayo M. Variant angina: case 
reports and critique. Am J Med 1972;53:739-42. 

Dhurandhar RW, Watt DL, Silver MD, Trimble AS, Adelman AG. 
Prinzmetal's variant form of angina with arteriographic evidence 
of coronary arterial spasm. Am J Cardiol 1972;30:902-5. 
Gianelly R, Mugler F, Harrison DC. Prinzmetal’s variant of angina 
pectoris with only slight coronary atherosclerosis. California Med 
1968; 108: 129-32. 

Leon-Sotomayor LA. Cardiac migraine: report of 12 cases. An- 
giology 1974;25:161-7 1. | 
Nevins MA. ' Variant angina: pectoris (letter). Ann Intern Med 
1974;80:673. 

Haywood LJ, Khan AH, deGuzman M. Prinzmetal angina: normal 
arteries and multifocal electrocardiographic changes. JAMA 
1976;235:53-6. 

McLaughlin PR, Doherty PW, Martin RP, Goris ML, Harrison DC. 
Myocardial imaging in a patient with reproducible variant angina. 
Am J Cardiol 1977;39: 126-9. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


CORONARY SPASM SYNDROME—HEUPLER 


Specchia G, DeServi S, Falcone C, et al. Coronary arterial spasm 
as a cause of exercise-induced S-T segment elevation in patients 
with variant angina. Circulation 1979;59:948-54. 

Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. 
Circadian variation of exercise capacity in patients with 
Prinzmetal's variant angina: role of exercise-induced coronary 
arterial spasm. Circulation 1979;59:938-48. 

Bennett KR. Coronary artery spasm: the effect of cardiovascular 
laboratory premedication practice. In: Hildner FJ, ed. Catheter- 
ization and Cardiovascular Diagnosis 2. New York: Alan R. Liss, 
Inc. 1976:321-7. 

Maseri A, Mimmo R, Chierchia S, et al. Coronary artery spasm 
as a cause of acute myocardial ischemia in man. Chest 1975; 
68:625-33. 

Chesler E, Matisonn RE, Lakier JB, et al. Acute myocardial in- 
farction with normal coronary arteries: a possible manifestation 
of the billowing mitral leaflet syndrome. Circulation 1976;54: 
203-8. 

Heupler FA Jr, Proudfit WL. Nifedipine therapy for refractory 
coronary arterial spasm. Am J Cardiol 1979;44:798-803. 
Goldberg S, Reichek N, Muller J, Gunther S, Kastor JA. Nifedipine: 
a useful new agent for the therapy of variant angina (abstr). Cir- 
culation 1978;57, 58:Suppl II:II- 101. 


April 1980 The American Journal of CARDIOLOGY Volume 45 881 








Some Clinical Considerations Regarding the Relation of 


Coronary Vasospasm to Coronary Atherosclerosis: 
A Hypothetical Pathogenesis 


MARIO MARZILLI, MD* 

SIDNEY GOLDSTEIN, MD, FACCt 
MARIA GIOVANNA TRIVELLA, MD* 
CARLO PALUMBO, MD* 

ATTILIO MASERI, MD, FACC* 


Pisa, Italy 
Detroit, Michigan 


From the Laboratory of Clinical Physiology, Pisa, 
Italy,* and the Division of Cardiovascular Medi- 
cine, Henry Ford Hospital, Detroit, Michigan.! This 
study was performed during Dr. Marzilli's tenure 
as Visiting Professor of Cardiovascular Research 
at Henry Ford Hospital. Manuscript received July 
9, 1979; revised manuscript received November 
2, 1979, accepted November 7, 1979. 

Address for reprints: Sidney Goldstein, MD, 
Division of Cardiovascular Medicine, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, 
Michigan 48202. 


This study explores the relation between coronary arterial spasm and the 
development of coronary atherosclerosis. The clinical history and coronary 
angiographic and electrocardiographic data in 212 consecutive patients 
with ischemic heart disease were correlated. These patients were clas- 
sified into four groups: Group 1, patients without angiographic evidence 
of atherosclerosis; Group 2, patients with single vessel disease; Group 
3, patients with double vessel disease; and Group 4, patients with sig- 
nificant narrowing of major coronary arteries. Although spontaneous 
angina occurred in all four groups, it was more common (55 percent) in 
the patients in Group 1, who were predominantly female and young. 
Spontaneous angina was confirmed in Group 1 with several techniques, 
including thallium-201 scintigraphy, ergonovine administration and 
electrocardiography during attacks of pain. Prior myocardial infarction 
was present with similar frequency in all four groups. A patient is discussed 
whose spontaneously occurring coronary arterial spasm later progressed 
to fixed arteriosclerotic narrowing requiring coronary bypass surgery. 
These observations and a review of the literature lend support to the hy- 
pothesis that coronary arterial spasm can be a possible antecedent leading 
to the later development of fixed atherosclerotic coronary arterial ob- 
struction. 


The pathogenesis of atherosclerotic lesions remains controversial after 
more than half a century of intensive research.! The recent description 
of vasospasm of the coronary arteries has provided an additional clue 
to the possible mechanism of coronary ischemia and may represent an 
important factor in the pathogenesis of the atherosclerotic lesions. 

Traditionally, ischemic heart disease has been considered the conse- 
quence of fixed obstructions of the coronary arteries, which make the 
coronary vessels unable to meet the increased metabolic demands of the 
heart.? Recently, it has been suggested that coronary spasm is a cause 
of ischemia.?-9 Thus, two distinct mechanisms are currently claimed to 
be involved in the pathogenesis of ischemic heart disease: (1) an organic 
mechanism based upon progressive atherosclerotic narrowing of the 
coronary arteries, and (2) a functional mechanism based upon transient 
coronary vasospasm. These two mechanisms have heretofore been 
thought to be unrelated. 

In an attempt to explore a possible connection between these two 
mechanisms of myocardial ischemia, we reviewed the medical records 
of 212 consecutive patients with an established diagnosis of ischemic 
heart disease and a complete coronary angiographic study. The extent 
of coronary atherosclerotic involvement was evaluated and compared 
with the clinical characteristics of patients with spontaneous or effort 
angina." On the basis of this review, we propose a new pathogenetic hy- 
pothesis directly linking vasospastic ischemia with the development of 
organic obstruction. We also report a case supporting this hypothesis. 
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Methods 

Patient selection: Two hundred twelve consecutive pa- 
tients in whom a complete selective coronary angiographic 
study was performed and a diagnosis of ischemic heart disease 
was established were included in this study. The diagnosis was 
made in the presence of electrocardiographic evidence of a 
previous myocardial infarction or when typical chest pain was 
present, associated with ischemic ST-T wave changes in the 
electrocardiogram during spontaneous angina reversible with 
nitroglycerin or when ischemic ST-T wave changes occurred 
during exercise. The electrocardiogram was considered ab- 
normal during spontaneous angina as well as during exercise 
if horizontal or downsloping S- T segment depression greater 
than 1 mm and longer than 80 ms was observed for more than 
three consecutive beats with a steady baseline. In addition, 
the occurrence of S- T segment elevation greater than 1 mm 
in any lead that did not have a Q wave also was considered 
diagnostic of myocardial ischemia. 

Coronary arteriographic classification: Coronary an- 
giography was performed with the Judkins technique in all 
patients. At least three views (anterior-posterior, right anterior 
oblique and left anterior oblique) were obtained for both the 
left and right coronary arteries. 

The patients were distributed into four groups according 
to the presence and extent of coronary atherosclerosis. Group 
1, patients without any visible coronary atherosclerotic 
plaques; Group 2, patients with coronary arterial narrowing 
greater than 75 percent limited to one vessel; Group 3, patients 
with narrowing of two coronary vessels; and Group 4, with 
narrowing of three coronary vessels. 

Other diagnostic procedures: Evidence of coronary ar- 
terial disease in Group 1 was established with a variety of 
techniques. Thallium-201 scintigraphy was performed during 
a spontaneous ischemic attack in three patients and consis- 
tently showed a perfusion defect in the area corresponding to 
electrocardiographic changes during pain. Ergonovine, 0.2 mg, 
was administered intravenously to eight patients, in six of 
whom an ischemic attack with typical symptoms and elec- 
trocardiographic changes developed. Prolonged electrocar- 
diographic monitoring was performed in all patients. In six 
persons, typical electrocardiographic ischemic changes were 
observed during the attacks of chest pain. Eight patients in 
Group 1 had had a previous myocardial infarction. One or 
more of these studies had to be abnormal for a patient to be 
included in Group 1. 


Results 


Clinical features of patients: The distribution and 
characteristics of the 212 patients are shown in Table 
I. Of the total number of patients studied, 15 (7 percent) 
were in Group 1, 45 (21 percent) in Group 2, 46 (21 
percent) in Group 3, and 106 (51 percent) in Group 4. 
The presence of coronary heart disease in Group 1 was 
established by electrocardiographic evidence of previous 
myocardial infarction, ischemic ST-T waves during 
effort or spontaneous angina, and the appearance of 
transient perfusion deficit in the thallium-201 scan 
during angina. 

The prevalence of isolated angina on effort was sim- 
ilar in all groups, whereas isolated spontaneous angina 
occurred more frequently in Group 1. However, spon- 
taneous angina occurred also in patients with diffuse 
coronary atherosclerosis. The percent of patients pre- 
senting with both effort and spontaneous angina in- 
creased with increasing involvement of the coronary 
arteries. 
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TABLE ! 
Clinical Characteristics of the 212 Patients 
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Group Group Group Group 





1 2 3 4 

Patients (n) 15 45 46 106 
Ischemic symptoms (^96) 

Effort angina 20 24 22 22 

Spontaneous angina 53 22 15 11 

Spontaneous and effort angina 27 54 65 67 
Female patients (96) 47 11 4 1 
Mean age (yr) 40 43 50 50 
Time from onset of symptoms (96) 

« 1 year 33 73 65 41 

2 1 year 67 27 35 59 
Exercise ECG (96) 

Positive 33 48 54 75 

Negative 67 52 46 25 
ECG during spontaneous ischemia 

(76) 

S-T elevated 27 50 44 33 

S-T depressed 13 5 32 50 

No change 60 45 24 17 
Previous MI (96) 53 40 37 51 


ECG = electrocardiogram; MI = myocardial infarction. 


Almost half of the patients with angiographically 
normal coronary arteries were women. The percent of 
women decreased as the extent of coronary artery dis- 
ease increased. Patients in Group 1 had the lowest mean 
age. Within Group 1, the men had a shorter duration of 
anginal history when compared with the women, and 
they were also younger. 

Electrocardiographic features and previous 
myocardial infarction: Electrocardiographic abnor- 
malities during ischemic attacks, induced by exercise 
or occurring spontaneously, were observed more often 
in patients with double or triple vessel disease. Myo- 
cardial infarction had a similar prevalence in all groups. 
Fifteen of the 212 patients (Group 1) had evidence of 


prior or ongoing myocardial ischemia with angio- 


graphically normal coronary arteries. This group was 
made up of predominantly young women with a short 
history of angina. In this group, most of the patients 
presented with spontaneous angina pectoris alone. 


Discussion 


Pathogenetic mechanism of spontaneous anginal 
attacks: The pathogenetic mechanism of the sponta- 
neous ischemic attacks in these 212 patients was in- 
vestigated with hemodynamic studies, regional perfu- 
sion studies, and coronary arteriography.® !4 Prolonged 
hemodynamic monitoring of the major determinants 
of myocardial oxygen consumption demonstrated that 
the anginal attacks occurred in the absence of an in- 
crease in myocardial metabolic demand.^? Regional 
myocardial perfusion studies with thallium-201 showed 
that spontaneous attacks were associated with a tran- 
sient reduction of blood flow in the ischemic area.?-!! 
Coronary angiography performed during the ischemic 
episodes consistently revealed a vasospastic occlusion 
of the coronary artery perfusing the ischemic area.!^-! 
From these studies, we concluded that many, if not all, 
of the spontaneous anginal attacks were caused by 
coronary vasospasm. Organic obstructions appeared 
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later than the ischemic symptoms and progressed with 
the duration of the symptomatic period and with aging 
of the patients. This temporal sequence suggested a 
connection between vasospastic ischemia and coronary 
atherosclerosis based on the concept that coronary 
vasospasm is the manifestation of an abnormal function 
of the smooth muscle of the coronary arteries. 

When this information is considered together with 
the natural history of the patients included in this study, 
it is possible to support the hypothesis that vasospastic 
ischemia preceded in time the development of coronary 
atherosclerosis. Longitudinal studies designed to de- 
velop further support for this hypothesis are underway 
in our laboratory. We propose that a single disease 


process of the coronary smooth muscle manifests earlier 
as an abnormal function causing vasospasm, and then 
progresses to the development of atherosclerotic 
plaques and organic obstructions. 

Vasospastic angina and organic angina: The role 
of the arterial smooth muscle cell in atherogenesis has 
received considerable attention in recent years. Ex- 
perimental studies!*-!7 have shown that smooth muscle 
cells have receptors for low density lipoproteins and that 
an unidentified platelet factor may stimulate in vitro 
the proliferation of smooth muscle cells. Observations 
in White Carneau pigeons!? have demonstrated that the 
intimal proliferation is localized to the area where 
spontaneous atherosclerosis subsequently develops. The 
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FIGURE 1. Right coronary angiograms in illustrative case. A, April 1975. Multiple severe narrowings are present along the vessel. B, after nitroglycerin 
administration (same month). The narrowings previously observed are no longer visible. C, December 1975. Multiple stenoses are present along 
the artery in the same areas in which the spastic narrowings were observed in April. D, after nitroglycerin administration (December 1975). The 
normal portions of the vessel appear dilated by the drug; the stenoses are not affected. 


884 April 1980 The American Journal of CARDIOLOGY Volume 45 





epicardial coronary arteries may present intimal smooth 
muscle cell cushions that are three times as severe in 
male as in female subjects. They are found in the arterial 
areas that are more susceptible to plaque formation.!5:? 
A disease of the smooth muscle producing an abnormal 
responsiveness of the coronary arteries to a variety of 
stimuli would initially result in vasospastic ischemia. 
The eventual progression to organic and permanent 
coronary arterial stenosis would result in angina on ef- 
fort. The occurrence of vasospasm in arteries with or- 
ganic obstruction in other coronary arteries could ex- 
plain the presence of both spontaneous and effort an- 
gina in most of our patients. 

The predominance of women in Group 1 (vasospasm 
without coronary stenosis) lends support to our hy- 
pothesis and is in accordance with the common obser- 
vation that atherosclerosis in women occurs later in life 
than in men, particularly in the postmenopausal age.?? 
'The coronary vessels of women may remain free of or- 
ganic lesions for a longer period of time yet may still be 
susceptible to abnormal vasomotion. However, our 
observations suggest that even if premenopausal women 
have a lesser incidence of coronary atherosclerosis, they 
may suffer from myocardial ischemia caused by vaso- 
spasm. 

Some of the patients in Group 1 presented with an- 
gina on effort. The latter has been considered a mani- 
festation of organic obstruction, but it has recently been 
reported that effort angina may be mediated by coro- 
nary vasospasm. Thus, exercise-induced coronary 
vasospasm may explain the angina on effort occurring 
in patients without apparent coronary atherosclero- 
sis2!.22 and may also explain the preponderance of 
women with false positive exercise tests. 

Illustrative case: Our hypothesis suggests a se- 
quence of events that we actually observed in a 60 year 
old woman who underwent two successive coronary 
angiographic studies (Fig. 1). The first study was per- 
formed in April 1975 because she had increasing chest 
pain over a 12 month period that did not respond to 
propranolol therapy. In that study, multiple severe 
obstructions of the right coronary artery were noted 
(Fig. 1A). The obstructions disappeared after the ad- 
ministration of sublingual nitroglycerin, thus suggesting 
a vasospastic nature (Fig. 1B). Because the severe lim- 
iting chest pain recurred, coronary angiography was 
repeated 8 months later. The multiple areas of signifi- 
cant severe narrowing were again noted in the right 
coronary artery (Fig. 1C). The administration of ni- 
troglycerin failed to relieve the stenoses, thus suggesting 
their fixed nature (Fig. 1D). Coronary bypass surgery 
performed at that time resulted in excellent flow and 
relief of the chest pain. 

The occurrence of the vasospastic process at different 
sites in the same coronary artery or the progressive in- 
volvement of different arteries in the same patient at 
different times of life may explain the variability of the 
clinical manifestations and the overlap between effort 
and spontaneous angina that were observed in most 
patients with coronary atherosclerosis. It is also possible 
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that this sequence of recurrent vasospasm may cease 
and fail to progress to the final stage of coronary ath- 
erosclerotic occlusion. Progression may be related, for 
instance, to the presence or absence of the well known 
coronary risk factors. 

Clinical implications: Several investigators? 9214 
have identified the importance of coronary vasospasm 
as a cause of angina at rest and during exercise as well 
as of myocardial infarction. The awareness of functional 
factors in the pathogenesis of myocardial ischemia has 
led to a number of new suggestions for the treatment of 
coronary artery disease based on these observa- 
tions.223-26 However, the relation of this functional 
process to the pathogenesis of organic obstructive dis- 
ease has been difficult to establish. The acceptance of 
the hypothesis that the atherosclerotic process repre- 
sents the progression of a vasospastic disease could 
change our diagnostic and therapeutic approach to the 
patient with ischemia. It might also affect our preven- 
tive measures, allowing the identification of such pa- 
tients before coronary atherosclerosis becomes angio- 
graphically apparent. 

Through the years, the understanding of coronary 
artery disease has changed as diagnostic techniques 
have improved. Diagnostic abnormalities not explain- 
able by previously held concepts had been deemed false 
positive findings. It is possible, for instance, that certain 
exercise tests or thallium-201 stress scintigrams con- 
sidered false positive because of the absence of angio- 
graphically significant coronary atherosclerosis are in- 
deed positive and are related to coronary arterial spasm. 
They may be the earliest and most fleeting manifesta- 
tions of a disease process rather than the result of lack 
of specificity of a diagnostic technique. Therefore, the 
use and interpretation of individual diagnostic tests 
should be reconsidered. A negative exercise test does not 
rule out vasospastic ischemia. Conversely, a positive 
exercise test may not always imply fixed coronary ar- 
terial narrowing, because exercise itself can trigger 
coronary vasospasm. Similar considerations may apply 
to the thallium-201 stress test. 

The relation between coronary obstructions and the 
ischemic manifestations in each patient should not be 
considered obvious. Just as normal coronary arteries do 
not rule out the possibility of myocardial ischemia 
caused by coronary vasospasm, the presence of organic 
stenosis does not necessarily prove the organic patho- 
genesis of myocardial ischemia. T'he ischemic episodes 
could be due to vasospasm occurring at the same site of 
the organic lesion or at other sites in the coronary vas- 
cular bed rather than to the fixed obstruction itself. 
Therefore, the relative role of functional and organic 
factors in the production of ischemia should be inves- 
tigated in each patient. Most of our current descriptive 
techniques use measurements obtained in steady state 
or during a fixed period of time. Functional mechanisms 
have not been well described. Emphasis should be 
placed on dynamic tests that more closely reflect the 
functional aspects of regional myocardial perfusion and 
its behavior during ischemic episodes. 
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NITROSTAT® 
(nitroglycerin tablets, USP) 


INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 

used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 

should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use. Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 

Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages of four bottles of 25 tablets each. 

0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0568-13— 
Convenience Package. 

0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0569-13— 
Convenience Package. 

0.4 mg (1/150 grain): N 0071-0570-24 [06]— 

Ctn. of 10 bottles of 100 tablets; N 0071-0570-13— 
Convenience Package. 

0.6 mg (1/100 grain): N 0071-0571-24 [06]— 

Ctn. of 10 bottles of 100 tablets; N 0071-0571-13— 


Convenience Package. YF 
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rythmic for acute tachyarrythmias, and a full line of leads and external 
pacemakers. 
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Systems Analyzer checks proper operation of a permanent pacemaker 
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propranolol HCI) 

works, the anginal heart 

doesn't have to work so hard. 


Consider the anginal heart at stress: It works harder, faster. 
Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen— with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 





Consider Inderal: It reduces heart rate —therapeutically —by some 12 
beats a minute.'^'/20 fewer beats per hour. Some 6 million fewer beats 
per year That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise —and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern. ' 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree —risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 
abruptly.* 


Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.rn., INDERAL will cancel the undesirable increase 
in heart rate and contractility. 


Prescribe INDERAL with confidence. E ffec- IN 
tive. Reliable. For patients with moder- 


ate to severe angina in whom conven- (PROPRANOLOL HCI) 


tional measures have failed. TOD AY'S 40mg 80mg tabs. 
* For full information on Contraindications, Precautions, Adverse Reac- 

tions, and Warnings, including avoidance of abrupt withdrawal, please H s N g H MARK 

consult the prescribing information on the following page. 
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(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF 

PROPRANOLOL HYDROCHLORIDE 

A beta-adrenergic blocking agent 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 
ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 






ACTIONS 
Beta receptor blockade is useful in conditions in which. because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation ts vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. On the other hand, propranolol may increase 
oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 
Systolic ejection period. 

If the net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement 


INDICATION 
Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 
involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
lo severe angina pectoris who have not responded to these conventional measures. 
Propranolol should not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL should not be continued unless there is reduced 
pain or increased work capacity. 

Because of the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periodically since the cosage requirement and the need to 
continue INDERAL may be altered by clinical exacerbations or remissions. (See DOSAGE AND 
ADMINISTRATION.) 

Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 
better evaluate and define the proper role of INDERAL in this condition 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL, 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(i.e., that of supporting the strength of myocardial contractions). In patients already receiving 


digitalis, the positive inotropic action of digitalis may be reduced by INDERALs negative inotrop- 


ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely: a) f cardiac failure continues. despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combinec therapy and the patient closely 
followed until threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 


cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, > 

who are given propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised Special consideration should be given to propranolo/'s poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME. several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However. in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e g., isoproterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension Difficulty in restarting and 


"maintaining the heartbeat has alsObeenreported. — .— | | 
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IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS— Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. | 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 
(See WARNINGS.) 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 

HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 

TABLETS (propranolol hydrochloride) 

No. 461— Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 

No. 462— Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 

No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 

No. 468 — Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 


INJECTABLE 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The pH is 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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and Orgain, E.S.: Arch. Intern. Med. 124:578 (Nov.) 1969. 4. Dunér, H., and Pernow, B.:Acta 
Med. Scand. 194:517 (Dec.) 1973. 5. Zsotér, T.T., and Beanlands, D.S.: Arch. Intern. Med. 
124:584 (Nov ) 1969. 6. Wiener, L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May) 1969 
7. Shand, D.G.: Drug Therapy 8:53 (July) 1978. 8. Cohen, L.S., in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an International 
Symposium, New York, Excerpta Medica/Elsevier, 1978, pp. 143-151 
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This is Station 7 at Memorial 
City General Hospital in Hou- 
ston, Texas, where Abbott's 
new “ACS” Arrhythmia Cen- 
tral is helping unit staff in the 
anticipation and prevention 
of life-threatening cardiac 
events. 


While Station 7 is a gen- 
eral medical floor, many of 
the unit's patients are gradu- 
ates of the Critical Care Unit, 
since many arrhythmias be- 
gin recurring days after a pa- 
tient appears stable. Others 
monitored by the “ACS” are 
Post Op, or persons with 
suspected coronary prob- 
lems who are not ill enough 
to be considered as CCU 
candidates. 


In all cases, the 8-bed 
telemetry system watches for 
and trends arrhythmias that 
can foretell a possible, im- 
pending crisis. Treatment and 
drugs can be prescribed to 
reverse an arrhythmia pat- 
tern and block its recurrence. 


The concept is working 
at Memorial City General. 
And Abbott's new “ACS” 
brings sophisticated and ef- 
fective arrhythmia detection 
within practical reach of all 
hospitals, regardless of size. 


More detailed informa- 
tion is available free from: 
Abbott Medical Electronics 
8330 Broadway, 

P.O. Box 12696 
Houston, Texas 77017 


Station 7 patients are monitored 
by means of battery-powered 
telemetry transmitters. Arrhyth- 
mias are more likely to occur 
with mobile, rather than supine, 
patients. 





Ability to edit arrhythmia criteria if desired is a valuable feature of 
Abbott's ACS. Operator / System communication is via keyboard. 
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Effective control in (mild to moderate) hypertension - ® 
usually with just 2 or 3 tablets daily. om i res 
Low incidence of depression, and orthostatic 
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hypotension. | EM Dir port cose Aand,2 
The most common side effects are dry mouth, - Pia e | 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antihypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and xn Weg | | 
f , . ombipres is not indicated for initial therapy. It is for patients ie- 
Coi brin Occur. ashy, eb abe s pa sponsive to its components given separately in equivalent dosages 
may e alleviate y giving e larger por ion O e Please see brief summary of the prescribing information on the last 
divided dose at bedtime. ' | page of this ad for warnings, precautions, and adverse reactions 
Convenient morning and bedtime dosage *Orthostatic hypotension has been reported with chlorthalidone and 
scheduling. may be potentiated when chlorthalidone is combined with alcohol, 


barbiturates, or narcotics 







Combipres . ~.2 


Each tablet contains: Catapres" (clonidine HC I) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
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Combipres, because of the hyperglycemic effect 
of chlorthalidone. 


Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps. anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm: 
day), fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 


havioral changes, nervousness, restlessness, anx- 


iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 









with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly 

As with other diuretic agents hypokalemia may 
Occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote. 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres" 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
is available as blue, oval. single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information 


References: 

1. Data on file at Boehringer Ingelheim Ltd. 
2. Pettinger WA: NEJM, 293:1179, 1975. 
3. Katz FH: Hosp Med, 13:34, 1977. 
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ISORDIL SUBLINGUAL ! 
> 
= 
(ISOSORBIDE DINITRATE) 237.5 ma anc now tomo 
Usual dosage: one 10-mg tablet every 2-3 hours or prn 
after starting at lower dose 


*indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

“Probably” effective: When taken by the sublingual or chewable route. 


Isordil Sublingual and Chewable Tablets are indicated for the treatment o! 
acute anginal attacks and for prophylaxis in situations likely to provoke 
such attacks. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites and nitrates during the early 


days of the acute phase of myocardial infarction (the period during which clin- 


ical and laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 


© 1980 Ives Laboratories Inc 
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— e current consensus favors higher 
dosage 
e offers new convenience for 
appropriate titration of dosage 
highly stable tablets for aborting 
or preventing angina pectoris 
attacks 


e acts almost as fast as nitroglyc- 
erin...action lasts up to 2 hours 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache Is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a physio- 
logical antagonist to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nausea, vomiting, weakness, restless- 
ness, pallor, perspiration and collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. Drug rash and /or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing 
May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. (56; 
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“Home blood pressure recordings give patients a sense of par- 
ticipation in their treatment program and often provide an added 
incentive to take medications on a regular basis” 


Wollam, G.L. and Vidt, D.G.: The patient with resistant hypertension. Drug Therapy 8:73 
(Feb.) 1978 


BARD supplies a full line of Hyper-chec® Blood Pressure Monitoring 
Sets. We feature computerized digital desk-top models. For details 
consult your BARD HOME HEALTH CARE CENTER, or mail the 
coupon below. 
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Hyper-chec* Blood Pressure Monitoring Sets. 
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Exercise-Induced S-T Segment Elevation in Variant Angina 


AVIJIT LAHIRI, MB Five patients with known ischemic heart disease had an unusual pattern 
BALA SUBRAMANIAN, MD, FACC of S-T segment depression during treadmill exercise testing followed by 
MICHAEL MILLAR-CRAIG, MRCP S-T segment elevation and chest pain in the postexercise period. Thal- 
JOHN CRAWLEY, C Eng, MIEE, M Inst P lium-201 scintigraphy revealed reversible exercise-induced myocardial 


EDWARD BERNARD RAFTERY, MD, 


FACC, FRCP ischemia, in areas supplied by severely narrowed coronary arteries as 


documented by coronary arteriography. Ambulatory electrocardiographic | 
Harrow, Middlesex, England recording for S-T segment shift using a frequency-modulated system _ 
showed S-T segment depressions and elevations at rest in the same leads 
that showed similar shifts during exercise tests. Three of the five patients 
had a myocardial infarction within 8 weeks of diagnosis, and two died. 
This syndrome may be associated with severe coronary artery disease 
and may have a very poor prognosis. 





/ Reversible S-T segment elevation associated with angina pectoris at rest 
and preservation of exercise capacity was first described by Prinzmetal 
et al.? Since then, a large number of similar cases have been reported, 
and it has been suggested that this is a distinct anginal syndrome?^ 
produced by coronary arterial spasm. Recent work by Maseri and co- 
workers? has clearly demonstrated that angina at rest can be associated 

with both S-T depression and S-T elevation due to coronary vasospasm. 
A further variety of vasospastic angina has recently been reported, with 
exercise precipitating coronary arterial spasm in patients with minimal 
coronary artery disease.’-!° However, none of these reports have de- 
scribed the profile of S- T segment changes found by ambulatory moni- 
toring during the normal daily lives of such patients. We have observed 
this pattern of electrocardiographic response to exercise in five patients 
who were found to have severe coronary artery disease, and the clinical 
course of these patients suggests that the prognostic significance of this 
finding may be very poor. 


Methods 


Patients: In a review of 1,500 treadmill exercise tests performed by patients 
with ischemic heart disease over an 18 month period it was retrospectively noted 
that five patients manifested S- T segment depression during exercise that was 
followed in the postexercise period by transient S- T segment elevation associated 


with chest pain. 
Exercise testing: Exercise testing was carried out using a modified Balke's 
From The Department of Cardiology and the Di- protocol (Table I). Maximal symptom-related exercise was performed until an 
vision of Radioisotopes, Northwick Park Hospital end point of angina, dyspnea, fatigue, leg pain or significant arrhythmias was 


and Clinical Research Centre, Harrow, Middlesex, 
England. Manuscript received September 11, 
1979; revised manuscript received November 19, 
1979, accepted November 20, 1979. 

Address for reprints: Edward Bernard Raftery, 


achieved. A computer system was used to document the exercise data (CASE 
system, Marquette Electronics). A 12 lead electrocardiogram was obtained before 
exercise and Valsalva and hyperventilation maneuvers were carried out to ex- 
clude a labile ST-T syndrome. Three bipolar leads were monitored continuously 


MD, Department of Cardiology, Northwick Park during exercise and for 5 minutes after exercise or until the changes regressed. 
Hospital and Clinical Research Centre, Harrow, Leads CMs and CC; and a bipolar monitoring lead (BML) system were used and 
Middlesex, England. monitored continuously. The BML (an electrode on the right fifth rib in the 
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VARIANT ANGINA AND EXERCISE TESTING—LAHIRI ET AL. 





TABLE | 
Modified Balke’s Treadmill Exercise Protocol 
Time Speed Gradient 
Stage (min) (mph) (%) 
1 3 2 0 
2 3 3 4 
a 3 3 8 
4 3 3 12 
5 3 3 16 
6 3 3 20 
7 3 4.5 20 





anterior axillary line and a second electrode on the manubrium 
sternum) was used to monitor arrhythmias and P wave 
changes, and the S-T segments were measured only from leads 
CMs and CC;. Systolic blood pressure was measured before 
exercise, every 3 minutes during and every 3 minutes after 
exercise using a standard mercury sphygmomanometer. 

Significant S-T segment deviation was defined as 1 mm 
or more of S-T segment depression or elevation from the 
baseline occurring either during exercise or recovery, or both, 
in either lead CMs or lead CCs, or both. 

Ambulatory electrocardiographic monitoring: A tape 
recorder with a frequency-modulated carrier system for high 
fidelity recording of the S-T segment (Oxford Medilog, Mark 
11) was used. This system has a frequency response of 0.05 to 
100 hertz and has been found to produce reliable and quan- 
titative tracings.!! Two bipolar leads (CC; and CM5) were 
continuously recorded for a minimum of 24 hours. The re- 
cordings were played out using an S-T segment plotter 
(Reynolds Medical Ltd.) to display the duration and size of 
the S-T segment shifts. 

Thallium-201 myocardial imaging: Scintigraphy was 
performed on two separate occasions in each patient.!? On the 
first occasion, the scans were obtained after a cold pressor test 
and repeated 5 hours later at rest. After an interval of 7 days, 
the patients returned for a second scan that was performed 
after maximal treadmill exercise testing and was repeated at 
100 to 200 minutes after the injection (to examine early re- 
distribution). The scans were repeated again 5 to 6 hours after 
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FIGURE 1. Case 1. Electrocardiograms. A, at rest; B, at maximal ex- 
ercise related to chest pain when peaking of the T waves in lead CMs 
and — 1.9 mm S-T depression in lead CCs are noted; C, significant S-T 
segment elevation in lead CMs in the immediate postexercise period; 
D, at 5 minutes after exercise, showing S-T segment elevation in lead 
CMs; and E, at 8 minutes after exercise, showing return of the elec- 
trocardiogram to the pattern at rest. 


exercise (to examine late redistribution). T'he exercise protocol 
was identical to that of the initial testing, and there were no 
significant differences in the end points achieved in the first 
and second exercise tests. In addition to the three bipolar 
leads, six precordial leads were also monitored and recorded 
every minute during exercise and afterward until symptoms 
and S-T changes regressed. 

The procedure was as follows: A scalp-vein needle was 
placed in the right forearm vein and flushed with heparinized 
saline to keep it patent. The patient exercised to the maximal 
symptomatic end point and 2 mCi of Thallium-201 was in- 
jected, followed by a rapid flush with 10 ml of normal saline 
solution. The patient then continued exercising for a further 
15 to 30 seconds at a slightly reduced rate. 

Scintiphotographs were acquired on 70 mm film (Kodak 
PF) using a high resolution, low energy parallel hole collimator 
(Searle Radiographics Pho/Gamma III HP). The 20 percent 
window was centered on the 75 keV peak, and 200,000 counts 
were collected from a phantom at a series of intensity settings 
on the cathode ray tube. The image with the highest contrast 
was selected and the entire series of studies were carried out 
using that intensity setting. Imaging was begun 10 minutes 
after the injection. 

Scintiphotographs were always obtained in three views: 
anteroposterior, 45? left anterior oblique and left lateral. A 
closed circuit television system was used to obtain an enlarged 
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FIGURE 2. Case 1. Left, 24 hour ambulatory S-T segment trend and heart rate plot. A, isoelectric S-T segment; B, S-T segment depression of 1.5 
mm, which was related to chest pain and an increase in heart rate; C, four episodes of S-T segment elevation that occurred between 06.30 and 
09.00 hours (only episode C [07.00 hours] was associated with chest pain). Right, 24 hour ambulatory electrocardiogram corresponding to trend 
plot demonstrating the S-T segment shifts in A, B, and C in left panel. A, isoelectric S-T segment; B, S-T segment depression related to an increase 
in heart rate that was associated with chest pain while driving; C, S-T segment elevations when the patient was awakened by chest pain. 
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view of the images with background subtraction and contrast 
enhancement preset using the television monitor controls, and 
this setting was constant for reading all the scintigraphic 
data. 

The analog scintigrams were reported by three separate 
investigators who had no knowledge of the clinical history or 
related investigations. A focal defect present at rest was in- 
terpreted as suggestive of a previous myocardial infarction 
scar. If the focal defect increased in size or appeared during 
exercise testing, this was taken as indicative of transient 
myocardial ischemia. 

Angiography: Coronary cinearteriography and left ven- 
tricular angiography were performed using the Judkins!? 
technique, and multiple views of the coronary arteries were 
obtained before and after cold pressor tests performed by 
immersion of the left hand in ice-cold water for a minimum 
of 10 minutes. 


Case Reports 


Case 1: A 51 year old man was studied because of chest pain 
that occurred mainly at rest and for control of elevated blood 
pressure. The electrocardiogram at rest and serum cardiac 
enzyme levels were normal and blood pressure was 170/120 
mm Hg. After treatment with labetalol, 200 mg three times 
daily, thiazide diuretic drugs and isosorbide dinitrate, 10 mg 
four times daily, blood pressure decreased to 140/85 mm Hg, 
but the chest pain persisted. 

The exercise test was stopped at the onset of chest pain at 
7 minutes and S-T segment depression in lead CC; (—1.9 mm) 
at a heart rate of 120/min was noted. This was immediately 
followed by transient peaking of the T waves and significant 
S-T segment elevation (3 mm) was then observed in lead CM; 
(Fig. 1). 

Continuous 24 hour ambulatory electrocardiographic 
monitoring revealed multiple episodes of S-T segment ele- 
vation (varying from 2.0 to 4.0 mm). These were mainly seen 
in the early morning and except for two episodes were not 
related to chest pain. Occasional S-T segment depression was 
also observed, and one episode was related to chest pain while 
driving (Fig. 2). 

Serial thallium-201 scintigraphy revealed homogenous 
myocardial perfusion at rest and after the cold pressor test. 
Exercise-provoked S-T segment depression and reversible 
hypoperfusion were noted in the anteroapical area (Fig. 3) at 
an identical exercise time and symptomatic end point. 

Coronary arteriography revealed triple vessel disease in- 
volving the left anterior descending coronary artery (90 per- 
cent narrowing of luminal diameter), right coronary artery (70 








FIGURE 4. Case 2. Electrocardiograms. A, at rest; B, at maximal ex- 
ercise, showing S-T segment depression when chest pain began; C, 
from immediate postexercise period, showing significant S-T segment 
elevation, mainly in lead CCs; D, at 3 minutes postexercise; and E, at 
12 minutes postexercise, still showing ischemia. BML, CMs and CCs 
= bipolar monitoring leads. 
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FIGURE 3. Case 1. Thallium-201 scintigrams in left lateral view. A, 
scintiphotograph obtained at rest showing homogenous myocardial 
perfusion; B, scan from immediate postexercise period, showing an- 
teroapical hypoperfusion (arrow). 


percent narrowing) and the left circumflex coronary artery 
(diffuse atheromatous disease). 

The patient sustained an acute myocardial infarction 10 
days after angiography. He made an uneventful recovery and 
is now free of angina and requires no medication. Follow-up 
examination revealed an improvement in exercise capacity 
without any angina after 10 months. He requires no medica- 
tion at present. 


Case 2: A 60 year old man was studied because of chest 
pains that occurred at rest and on exercise. There was no ev- 
idence of myocardial infarction. During exercise testing S-T 
segment depression (—2.5 mm in lead CM;) developed at a 
heart rate of 115/min and chest pain occurred at 4.5 minutes 
of exercise, when exercise was stopped. Significant S-T seg- 
ment elevation occurred in the immediate postexercise period 
(7 mm in lead CM5) and lasted for 5 minutes. This was fol- 
lowed by further S-T segment depression that recovered 
slowly over 12 minutes (Fig. 4). Treatment was begun with 
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FIGURE 5. Case 2. Twenty-four hour ambulatory electrocardiogram 
showing asymptomatic S-T segment depression in the morning at 08.50 
hours and significant S-T segment elevation occurring at 01 .53 hours 
when the patient had nocturnal angina. A to E, continuous 24 hour in- 
scription showing significant S-T segment elevation related to brady- 
cardia. 
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A B 


FIGURE 6. Case 2. Thallium-201 scintigrams in the anteroposterior 
view. A, at rest, showing normal perfusion; B, after exercise, revealing 
an anteroapical defect (arrow). 


propranolol, 80 mg three times daily and isosorbide dinitrate, 
10 mg four times daily. 

Continuous ambulatory monitoring disclosed episodes of 
S- T segment depression and elevation associated with chest 
pain at rest (Fig. 5). 

Thallium-201 scintigraphy revealed normal perfusion at 
rest and after the cold pressor test. However, scintigraphy 
after exercise revealed an area of reversible hypoperfusion in 
the anteroapical region (Fig. 6). Exercise testing was associ- 
ated with S-T segment depression and exercise capacity was 
not altered. 

Coronary arteriography revealed 90 percent stenosis of the 
left anterior descending coronary artery and diffuse ather- 
omatous disease of the right coronary artery. The left cir- 
cumflex coronary artery had a separate origin from the aorta, 
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FIGURE 8. Case 3. Twelve lead electrocardiogram during chest pain 
5.5 minutes after stopping exercise (Fig. 7), showing significant anterior 
(1 aVL, V2 and V3) S-T segment elevation. These changes lasted for 
only 3 minutes. 
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FIGURE 7. Case 3. Electrocardiograms. A, at rest; B, during maximal 
exercise, showing S-T segment depression not related to chest pain; 
and C, 5 minutes after exercise. BML, CMs and CC; = monitoring 
leads. 


was very narrow and filled in retrograde fashion from the left 
anterior descending artery. 

This patient had an acute anterior myocardial infarction 
12 hours after angiography. Although he made a good re- 
covery, he had two episodes of left ventricular failure after 
hospital discharge, for which he is now being treated with 
diuretic drugs and digoxin. On recent follow-up study, after 
11 months, he was angina free and had had an improved ex- 


FIGURE 9. Case 4. Electrocardiograms. A, at rest, showing evidence 
of previous infarction; B, with termination of exercise because of runs 
of ventricular tachycardia, showing S-T segment depression in lead CCs; 
C, run of self-limiting ventricular tachycardia after exercise; D, further 
chest pain 2 minutes after exercise, which is related to tachycardia and 
significant S-T segment elevation in lead CMs; E, 5 minutes after ex- 
ercise. 
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ercise capacity but was limited by dyspnea. He has continued 
to require therapy for congestive heart failure. 


Case 3: A 47 year old man was studied because of repeated 
episodes of chest pain that occurred only at rest. On two pre- 
vious admissions to the hospital for similar symptoms, the 
electrocardiogram had been normal. However, a rise in serum 
creatine kinase MB isoenzyme levels to 13 units and in total 
serum CK to 155 units suggested a small myocardial infarc- 
tion. 

During exercise testing S-T segment depression of —2.8 
mm developed in lead CM; and —1.9 mm depression in lead 
CC; at a heart rate of 173/min at 18 minutes of exercise. The 
patient had excellent exercise tolerance and was stopped by 
fatigue. After a third hospital admission an exercise test was 
performed, which was similar to the previous tests (Fig. 7). 
Five minutes after exercise, when the monitor was discon- 
nected, the patient complained of severe chest pain, and a 12 
lead electrocardiogram revealed significant reversible S-T 
segment elevation in the anterior leads (Fig. 8). Treatment was 
commenced with isosorbide dinitrate, 10 mg four times daily 
and propranolol, 80 mg three times daily. 

Ambulatory monitoring tapes failed to show any S-T seg- 
ment shift. Thallium-201 scintigraphy revealed normal 
myocardial perfusion at rest and after the cold pressor test. 
Scintigraphy after exercise revealed reversible myocardial 
hypoperfusion in the inferoapical region that was associated 
with painless S- T segment depression during exercise. The 
patient's exercise capacity remained unchanged. 

Coronary arteriography revealed 90 percent proximal 
narrowing of the left anterior descending artery, diffuse ectasia 
and aneurysmal dilatation with two areas of at least 70 percent 
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FIGURE 10. Case 4. Twenty-four hour ambulatory electrocardiogram 
on the 3rd day of taping. A, asymptomatic S-T segment depression 
occurred while the patient was asleep at 05.20 hours; B, at 11.27 hours 
while he was reading a newspaper, a short cycle ventricular ectopic 
complex triggers the terminal rhythm. Ventricular tachycardia degen- 
erated into ventricular flutter and then fibrillation, which lasted for 21 
minutes. 
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proximal narrowing of the right coronary artery. The cir- 
cumflex artery had one distal stenosis of 60 percent. The pa- 
tient was totally asymptomatic for 10 weeks when, after an 
episode of pain, he was admitted to the coronary care unit with 
an anterior myocardial infarction that proved fatal. The ter- 
minal event was asystole after cardiac arrest. 


Case 4: A 62 year old man with known ischemic heart dis- 
ease was treated with propranolol and isosorbide dinitrate for 
5 years. He underwent routine treadmill testing when he 
complained of increasing chest pain. Exercise was terminated 
at 6 minutes of exercise because of the appearance of rapid 
ventricular tachycardia; at this point the patient complained 
of chest pain, and S- T segment depression was observed (—2.3 
mm in lead CC). Further episodes of ventricular tachycardia 
which were self-limiting, occurred after termination of exer- 
cise, and 2 minutes after exercise the patient complained of 
further chest pain that was associated with tachycardia and 
S-T segment elevation lasting for nearly 1 minute (Fig. 9). 

Continuous ambulatory monitoring was performed for 3 
days. The patient collapsed while resting at home on the 3rd 
day and was brought to the hospital where attempts at re- 
suscitation failed and he was certified dead. Tape analysis 
revealed episodes of painless S- T segment depression, and the 
terminal event was ventricular fibrillation (Fig. 10).!4 

Postmortem examination revealed severe calcific and 
atheromatous disease of all three coronary vessels with total 
occlusion of the right coronary artery. The left ventricle was 
enlarged and severely fibrosed, but no evidence of acute 
myocardial infarction was found. 


Case 5: A 57 year old man complained of chest pain on ef- 
fort for 3 months and chest pain at rest for 2 weeks. There was 
no evidence of previous myocardial infarction. He was unable 
to exercise on a treadmill because of severe lumbosacral os- 
teoarthritis and therefore underwent graded exercise testing 


CC 


FIGURE 11. Case 5. Electrocardiograms. A, at rest; B, at 2 minutes of 
exercise at 250 kiloponds/min and at onset of chest pain; C and D, in 
the immediate postexercise period, showing significant S-T segment 
elevation (ranging from 2 to 6 mm) during chest pain; E, 5 minutes after 
exercise. 
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FIGURE 12. Case 5. Leads V, to V 
and during chest pain associated with S-T se 


postexercise period; D, 5 minutes after exercise. 


on a bicycle ergometer. Chest pain occurred at 2 minutes of 
exercise at a work load of 250 kiloponds/min, when exercise 
was stopped. Chest pain was related to significant S-T seg- 
ment elevation (6 mm in lead CC; only) (Fig. 11). 

Continuous ambulatory electrocardiographic monitoring 
was begun. One episode of S-T segment elevation was docu. 
mented during an episode of chest pain at rest. 

Thallium-201 scintigraphy at rest and after the cold 
pressor test revealed a normal distribution of the radiotracer. 
Chest pain occurred at an identical time and work load during 
exercise testing as before, and was related to S-T segment 
depression in lead V5 (—1.0 mm) during exercise, and exten- 
sive S-T segment elevation (6 mm) occurred in the immediate 
postexercise period in lead V; (Fig. 12), but no changes were 
recorded in lead CC;. Exercise scintigraphy revealed reversible 
hypoperfusion of the interventricular septum (Fig. 13). 

Coronary arteriography revealed a significant proximal 
stenosis (90 percent) of the left anterior descending coronary 
artery. The rest of the coronary tree appeared free of ath- 
eroma. 

This patient was treated with verapamil, 120 mg three times 
daily, and has been free of symptoms for the last 5 months. A 
second exercise test and thallium scan yielded completely 
normal findings. T'he patient can now exercise, until fatigue, 
for a length of 10 minutes using the bicycle protocol (450 
kiloponds/min). 
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FIGURE 13. Case 5. Thallium-201 scintigrams in the 45? left anterior 
oblique view. A, at rest, showing normal perfusion; B, after exercise, 
showing septal perfusion defect (arrow). 
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201 scintigraphy. A, at rest; B, at maximal exercise 
-T segment elevation in lead V, (6 mm) in the immediate 


Discussion 


Exercise-induced S-T segment depression associated 
with chest pain has been recognized as the hallmark of 
classic angina pectoris and “variant angina" was clas- 
sically a syndrome in which transient S-T segment el- 
evation was associated with chest pain at rest.!-4 The 
choice of the term variant angina and the fallacy of 
grouping patients into convenient diagnostic com- 
partments has been questioned by Scherf.!^ Maseri et 
al.^8 have identified a wide spectrum of changes in pa- 
tients with variant angina and documented reversible 
myocardial ischemia related to both S-T segment ele- 
vation and depression in the same patient at rest. 

Exercise-induced S-T segment elevation is a rela- 
tively rare phenomenon and is commonly confused !6 
with similar changes occurring in leads with a QS pat- 
tern in patients with previous myocardial infarc- 
tion.!’-!9 This report of five cases represents a further 
variation from the usual theme of variant angina. 

Exercise testing: This procedure was carried out 
without complications, and a total of 12 tests were 
performed in the five cases. There was no significant 
difference between the work load during maximal di- 
agnostic exercise and that of the exercise tests carried 
out during thallium-201 imaging. However, the elec- 
trocardiographic changes were varied; S-T segment 
elevation alone or in combination with S-T depression 
was present seven times and exercise-induced S-T de- 
pression only was present 5 times. This wide variety of 
electrocardiographic changes presented the problem of 
differentiating between spasm and obstruction as the 
cause of the angina in these patients. 

Cold pressor test: Cold pressor tests were ineffective 
in provoking vasospasm. Using this test we could not 
demonstrate any changes in the S-T segments, in the 
luminal diameter of the coronary arteries or in regional 
myocardial perfusion using thallium-201 scintig- 
raphy. 

Ambulatory electrocardiographic monitoring: 
Ambulatory monitoring was invaluable in detecting 
accurate S-T segment shifts and relating them to 
symptoms. The procedure revealed that S-T segment 


shifts at rest were similar to those observed during ex- 
ercise testing in the same leads (CMs and CCs), but 
there was a wide spectrum of S- T segment elevations 
and depressions in both leads at different times, which 
would allow one to speculate that myocardial ischemia 
due to vasospasm occurred in separate myocardial areas 
at different periods and differed in degree. These 
findings highlight the wide variation in the changes that 
may be observed and the increased diagnostic sensi- 
tivity provided by the two lead frequency-modulated 
ambulatory electrocardiographic recording system. 

Exercise thallium-201 scintigraphy: Exercise 
scintigraphy provided valuable information in Cases 1, 
2 and 5, in which a definite relation was present between 
the areas of reversible myocardial ischemia and the 
fixed coronary arterial lesions in arteries supplying 
those anatomic areas. In Case 3 the electrocardiographic 
changes (Fig. 8) correspond to the anterior region; 
however, the exercise scintigram revealed changes 
mainly in the inferior wall. This patient died after an 
anterior infarction. In Cases 1 and 2 the area of infarc- 
tion was related closely to the area of reversible isch- 
emia. 

Coronary angiography: Coronary arteriograms 
were obtained in each of these patients to assess their 
suitability for bypass surgery. At the time of the studies 
it was not fully appreciated that the exercise findings 
were suggestive of severe obstructive lesions and spasm, 
but only one patient had chest pain during the proce- 
dure. This patient had a myocardial infarction 12 hours 
later. Clearly these electrocardiographic findings on 
exercise testing may be an indication of severe ob- 
structive lesions. 
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Therapy: It is debatable whether these patients 
should have proceeded to coronary bypass surgery as 
a matter of great urgency. Severe obstructive lesions 
respond well to surgery, but the perioperative mortality, 
graft closure rate, perioperative infarction rate and re- 
currence rate in combined obstructive and vasospastic 
angina is very high.?9?? Calcium ion antagonists such 
as verapamil have been used successfully for the man- 
agement of vasospastic angina and chronic stable an- 
gina.2324 We have had some success in medical man- 
agement of two such patients since this report was 
written. Certainly beta blocking drugs are contraindi- 
cated? and may have contributed to the myocardial 
infarction in Cases 1 to 4. Two of these patients (Cases 
3 and 4) had refused surgery for personal reasons, and 
Patient 5 has been treated successfully with verapamil 
despite severe obstructive lesions seen in the angio- 
gram. 

Implications: We believe that exercise-induced S-T 
segment depression followed by elevation is yet another 
part of the spectrum of variant angina that can be as- 
sociated with severe coronary artery disease and may 
carry a high level of morbidity and mortality. We believe 
that ambulatory monitoring and exercise testing should 
be used in the assessment of patients with ischemic 
heart disease so that those in this group may be detected 
early in the disease process. Therapy with verapamil 
and nitrates should be instituted as soon as possible, and 
progress assessed by repeated ambulatory monitoring. 
Coronary arteriography, if indicated, should be per- 
formed with caution, preferably with the operating 
room in readiness for a possible emergency proce- 
dure. 


References 


1. Prinzmetal M, Kennamer R, Merliss R, Wada T, Bon N. Angina 
pectoris. 1. A variant form of angina pectoris. Am J Med 1959; 
27:375-88. 

2. Prinzmetal M, Ekmekci A, Kennamer R, Kwoczynski JK, Shubin 
H, Toyoshima H. Variant form of angina pectoris. A previously 
outlined syndrome. JAMA 1960; 174:1791-800. 

3. MacAlpin RN, Kattus AA, Alvaro AB. Angina pectoris at rest with 
preservation of exercise capacity: Prinzmetal's variant angina. 
Circulation 1973; 46:945-58. 

4. Oliva PB, Potts DE, Pluss RG. Coronary artery spasm in 
Prinzmetal's angina. Documentation by coronary arteriography. 
N Engl J Med 1973; 288:745-51. 

5. Maseri A, L'Abbate A, Pesola A, et al. Coronary vasospasm in 
angina pectoris. Lancet 1977; 1:7 13-17. 

6. Maseri A, Severi S, DeNes M, et al. "Variant" angina: one aspect 
of a continuous spectrum of vasospastic myocardial ischemia. Am 
J Cardiol 1978; 42:1019-35. 

7. Chung TO, Basbour T, Kelser GA Jr, Weiss L, Bacos J. Variant 
angina pectoris with normal coronary arteriograms: a variant of 
the variant. Circulation 1973; 47:476-85. 

8. Waters DD, Chaitman BR, Dupras G. Coronary artery spasm during 
exercise in patients with variant angina. Circulation 1979; 59: 
580-5. 

9. Yasu, H, Omoti S, Takizawa A, Nagao M, Miwa K, Tamaka S. 
Circadian variation of exercise capacity in patients with 
Prinzmetal's variant angina: role of exercise-induced coronary 
arterial spasm. Circulation 1979; 59:938-48. 

10. Specchia G, De Servi S, Falcone C, et al. Coronary arterial spasm 


as a cause of exercise-induced ST-segment elevation in patients 
with variant angina. Ciruclation 1979; 59:948-55. 

11. Bala Subramanian V, Raftery EB, Lahiri A, Kaye A, Stott F. Am- 
bulatory ST-segment monitoring: problems, pitfalls and solution. 
Br Heart J 1979; 42:231. 

12. Okada RD, Raessler KL, Woolfenden JM, Groves BM, Goldman 
S, Hager D. Clinical value of the thallium-20 1 stress test. Int J Nucl 
Med Biol 1978; 5:211-21. 

13. Judkin MP. Percutaneous transfemoral selective coronary arte- 
riography. Radiol Clin North Am 1968; 6:467 -92. 

14. Lahiri A, Bala Subramanian V, Raftery EB. Sudden death during 
ambulatory monitoring. Br Med J 1979; 1: 1676-8. 

15. Scherf D. “Variant angina pectoris.” Circulation 1974; 49:787- 


16. Kattus AA. Exercise electrocardiography: recognition of the 
ischemic response, false-positive and false-negative patterns. In: 
Amsterdam EA, Wilmore JH, DeMaria AN, eds. Exercise in Car- 
diovascular Health and Disease. New York: Yorke Medical Books, 
1977:161-78. 

17. Chahine RA, Raizner AE, Ishimori T. The clinical significance of 
exercise induced ST-segment elevation. Circulation 1976; 54: 
209- 13. 

18. Lahiri A, Raftery EB, Wilkins W, Millar Craig M. Correlation of 
coronary angiography, left ventricular angiography and graded 
treadmill exercise testing in the diagnosis of left ventricular an- 
eurysms. Radiol 1979; 4:261-3. 

19. Lahiri A, Bala Subramanian V, Millar Craig M, Crawley J, Raftery 
EB. Exercise induced ST-segment elevation—electrocardio- 


April 1980 The American Journal of CARDIOLOGY Volume 45 893 


Initiation of Ventricular Tachycardia by Reentry Within the 


Bundle Branches 


Implications for Electrophysiologic Testing of Antiarrhythmic Drugs 


JAMES R. FOSTER, MD 
ROSS J. SIMPSON, Jr., MD 


Chapel Hill, North Carolina 


From the Cardiac Electrophysiology Laboratory 
and Cardiology Division, Department of Medicine, 
University of North Carolina School of Medicine, 
Chapel Hill, North Carolina. Manuscript received 
July 31, 1979; revised manuscript received and 
accepted October 17, 1979. 

Address for reprints: James R. Foster, MD, 349 
Clinical Sciences Building 229H, University of 
North Carolina, School of Medicine, Chapel Hill, 
North Carolina 27514. 


A nonpaced third ventricular depolarization (V3) often occurs when, during 
ventricular pacing, single ventricular extrastimuli produce critical retro- 
grade His-Purkinje conduction delay. V5 has been attributed to macro- 
reentry within the bundle branches. However, the relation of bundle branch 
reentry to other ventricular arrhythmias has been uncertain. In the three 
patients presented in this report, macroreentry over a bundle branch 
reentrant circuit consistently initiated ventricular tachycardia that utilized 
a different, probably microreentrant, circuit. In two of the three patients, 
ventricular tachycardia was induced by a second ventricular extra- 
stimulus delivered just before the macroreentrant V3 would have been 
expected, as well as by macroreentrant V3 depolarizations resulting from 
single extrastimuli. This suggests that ventricular tachycardia induction 
depended not on bundle branch reentry itself, but on the occurrence of 
a closely coupled third ventricular complex, whether paced or reen- 
trant. 

When, during single ventricular extrastimulus testing, ventricular 
tachycardia follows bundle branch macroreentry, modification or abolition 
of the bundle branch reentry by an antiarrhythmic drug may impair 
evaluation of the drug's effect on the ventricular tachycardia microreentry. 
This mechanism of ventricular tachycardia induction should be recognized 
in order to avoid selection of possible inappropriate antiarrhythmic 
therapy. 


When caring for patients with recurrent ventricular tachycardia, many 
clinical electrophysiologists utilize invasive electrophysiologic testing 
as a guide to antiarrhythmic therapy.!-9 Because major clinical decisions 
depend on the accurate interpretation of these tests, it is important to 
understand as much as possible about the mechanisms of and effect of 
antiarrhythmic drugs on induction of ventricular tachycardia in the 
electrophysiology laboratory. This report presents the first documen- 
tation that reentry within the bundle branches?-? may induce ventricular 
tachycardia and thereby demonstrates that macroreentry may lead di- 
rectly to reentry over another, possibly microreentrant circuit. 


Methods 


Patients: The observations presented in this report were made during diag- 
nostic electrophysiologic study of three men. The first two patients, aged 51 and 
63 years, respectively, had coronary artery disease and were studied because of 
recurrent symptomatic ventricular tachycardia and, in the first patient, fibril- 
lation. The third patient, aged 41 years, had angiographically normal coronary 
arteries and underwent electrophysiologic study because he had ventricular 
preexcitation without documented arrhythmia but a history of dizzy spells of 
uncertain origin. 
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Protocol for electrophysiologic study: Three electrode 
catheters were introduced percutaneously and positioned in 
the high lateral right atrium and right ventricular apex and 
near the bundle of His. In the patient with ventricular 
preexicitation, a fourth electrode catheter was positioned in 
the left atrium across a patent foramen ovale. The right ven- 
tricular catheter remained in a stable position throughout the 
study, with a stable threshold of less than 1 milliampere. The 
protocol for electrophysiologic study included recording of 
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conduction intervals during sinus rhythm, incremental atrial 
and ventricular pacing to rapid rates and atrial and ventricular 
extrastimulus testing. Double ventricular extrastimulus 
testing was not performed in the first patient, and an S4 was 
delivered only once before quinidine in the second patient and 
was not repeated because it produced rapid ventricular 
tachycardia requiring prompt cardioversion. A wide range of 
92-83 intervals was delivered only in the third patient and in 
Patient 2 after quinidine. After completion of the basic study 
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FIGURE 1. Case 1. Re-entry within the 
bundle branches initiating ventricular 
tachycardia. A, when, during ventricular 
pacing at a basic cycle length (S4-S4) of 
750 ms, a premature ventricular impulse 
is delivered at a coupling interval (S;-S.) of 
340 ms, a retrograde bundle of His poten- 

tial (H2) emerges from the premature 
| ventricular electrogram (V5). B, at the 

shorter S;-S» interval of 280 ms, retro- 
grade His-Purkinje delay (S2-H; interval) is 
greater. H2 is followed by a third ventricular 
depolarization (V3) that in turn initiates a 
self-limited run of ventricular tachycardia 
with a cycle length of 225 ms. C, after 
quinidine, an S,-S; interval of 340 ms 
(same duration as in A) results in a longer 
S2-H2 interval, permitting a shift in the 
V3-ventricular tachycardia reentry zones 
to longer S,-S; intervals. The cycle length 
of ventricular tachycardia is longer (300 
ms). Between the pre- and post-quinidine 
recordings, lead Il was changed to lead 
aVR. D, also after quinidine, the same 
84-85 interval as in B (280 ms) produces 
extreme So-H2 delay and ventricular 
tachycardia. 1, 2, V1 — standard electro- 
cardiographic leads |, Il and V4; HRA, HBE 
and RV = high lateral right atrial, His bun- 
dle, and right ventricular electrographic 
tracings, respectively; A, H and V = atrial, 
His bundle and ventricular electrograms 
during sinus rhythm; S1, A1 and V1 — 
pacing stimulus and atrial and ventricular 
electrograms during ventricular drive. S2, 
V2 and H2 — premature pacing stimulus 
and premature ventricular and His bundle 
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electrograms; V3 = nonpaced ventricular 
electrogram attributed to bundle branch 
! reentry. TL — time lines, inscribed at 10 
| and 50 ms intervals. Paper speed — is 100 
dodo mm/s. 
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protocol, the first two patients underwent repeated ventricular 
extrastimulus testing after being given intravenous quinidine 
gluconate, in a dose of 10 mg/kg body weight (Patient 1) and 
12 mg/kg (Patient 2) over 45 to 60 minutes. At completion of 
the study serum quinidine levels were 4.4 ug/ml in Patient 1 
and 3.4 ug/ml in Patient 2. 


Results 


Bundle branch reentry: During single ventricular 
extrastimulus testing, all three patients exhibited 
bundle branch reentry (Fig. 1 and 2 [Patient 1] and Fig. 
3 [Patient 2]). Figure 1A illustrates the emergence of a 
retrograde His bundle potential (H5) from the prema- 
ture ventricular electrogram (V3) at a coupling (S,-S5) 
interval of 340 ms, with an S5-H» interval of 130 ms. As 
the S,-Ss interval became progressively shorter, the 
So-He interval progressively lengthened (Fig. 2). Be- 
tween S,-S; intervals of 260 to 290 ms, S5-H» intervals 
ranged from 190 to 208 ms and Hg was followed by a 
third ventricular depolarization (V3, Fig. 1B) repre- 
senting bundle branch reentry. Table I illustrates that 
in each patient, bundle branch reentry occurred over a 
finite range of S-S and S»-Hg intervals (reentry zones) 
after attainment of a critical degree of retrograde (So- 
Hə) His-Purkinje conduction delay. 

Initiation of ventricular tachycardia by bundle 
branch reentry: In each patient, bundle branch 
reentry repeatedly led to ventricular tachycardia, (Fig. 
1B [Patient 1] and 3B [Patient 2]). Although bundle 
branch reentry without subsequent ventricular tachy- 
cardia occurred several times in each patient, ventric- 
ular tachycardia never resulted from a single ventricular 
extrastimulus unless preceded by bundle branch reen- 
try. The QRS configuration of the induced ventricular 
tachycardia resembled that of spontaneous tachycardia 
in Patient 1, but exhibited a markedly leftward rather 
than a rightward frontal plane QRS axis in Patient 2. 
In each patient, all episodes of ventricular tachycardia 
induced by bundle branch reentry terminated sponta- 
neously after 3 to 12 complexes. In none of the patients 








did a His bundle potential precede the ventricular 
electrograms during ventricular tachycardia. 

To test the hypothesis that a third ventricular de- 
polarization not due to bundle branch reentry would 
also induce ventricular tachycardia, a second ventricular 
extrastimulus (S,-Ss-S4 testing) was introduced in 
Patients 2 and 3. S,-Ss intervals were selected to be 
within the range of S,-S5 intervals associated with 
bundle branch reentry (Table I). Similarly, S5-S85 in- 
tervals were chosen that would precede the expected 
bundle branch reentrant V3. That is, S5-S4 intervals 
were slightly less than S9-V3 intervals observed when 
only an Se was delivered. In both patients, a paced V3 
introduced in this way initiated ventricular tachycardia, 
which in Patient 2 was nearly identical to the tachy- 
cardia that resulted from bundle branch reentrant Vs 
depolarizations (Fig. 3C), and in Patient 3 differed by 
manifesting an inverted rather than an upright QRS 
complex in lead Vj. 

Effect of quinidine (Table I): In Patient 1, after 
quinidine, V4 and ventricular tachycardia occurred over 
a wide range of S,-S5 intervals because, for any 81-8» 
interval, Sə-Hə intervals were longer after than before 
quinidine (Fig. 1,C and D and Fig. 2). Thus, critical 
Sə-Hə delay occurred with longer S;-S» intervals after 
quinidine. However, in Patient 2 quinidine produced 
no change in the range of S;-S» intervals over which V3 
and ventricular tachycardia occurred, and S5-H;» in- 
tervals were only slightly longer at each $S,-Ss in- 
terval. 


Discussion 


Bundle branch reentry: The occurrence of a third 
ventricular depolarization (V3) after administration of 
single ventricular extrastimuli was first reported in 
detail by Akhtar et al? in 1975. According to the 
mechanism they proposed for V3, substantiated in 
subsequent studies,?? the premature ventricular im- 
pulse blocks in retrograde fashion in the right bundle 
branch, conducts slowly in a retrograde direction in the 
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FIGURE 2. Case 1. Reentry before and after €E 999. 
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lengths of 750 ms (A) and 700 ms (B). Quini- — 2 200 aub ae 200 Qc 3° 
dine shifted the V3 and ventricular tachycardia TY LU 2|9 € x 
(VT) zones to longer S,-S; intervals by causing p i 
greater retrograde His-Purkinje delay (that is, — 150 I50 
longer S;-H; intervals) for any S4-S; interval. o 
Quinidine also increased the critical S5-H» in- FY 
terval required for reentry within the bundle o 
branches. CL — cycle length of basic ven- 100 IOO 
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breviations as in Figure 1. 
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TABLE ! 


Characteristics of Bundle Branch Reentry and of Ventricular Tachycardia Induction* 


——————————————————————————————————————— a 


————————————————————————— 


Before After 


Patient 1 


Patient 2 Patient 3 





BCL 700 BCL 600 BCL 800 BCL 850 


Before After Before Before After 


Quinidine Quinidine X Quinidine Quinidine X Quinidine Quinidine Quinidine 





Range of S-S% intervals over which V4 and 
VT occurred (V3-VT zone) 

Range of S5-H; intervals associated with V4 
and VT 

Shortest S2-H2 interval leading to V3 and VT 190 208 
(critical S2-H2) 

Range of S5 to bundle branch reentrant V3 
intervals associated with VT 

S4-S2 intervals during double ventricular 
extra-stimulus testing (S;-So-S3) 

Range of S5-S4 intervals associated with VT 


* All values are expressed in milliseconds. 
BCL = basic cycle length; VT = ventricular tachycardia. 


left bundle branch, enters the right bundle branch in an 
anterograde direction and, if enough delay has occurred 
to permit recovery of the distal right bundle branch and 
ventricular muscle, returns to the right ventricle to 
produce V3. This mechanism may be termed reentry 
within the bundle branches. 

Relation between bundle branch reentry and 
ventricular tachycardia: In our three cases, the in- 
duction of ventricular tachycardia by single ventricular 
extrastimuli consistently depended on the occurrence 
of bundle branch reentry. The absence of a His bundle 
potential during ventricular tachycardia indicates that 
the tachycardia resulted from reentry elsewhere in the 
ventricles rather than from continued reentry within 
the bundle branches. In other words, macroreentry over 
a circuit composed of the bundle branches consistently 
triggered another type of reentry, probably in an in- 
tramyocardial microreentrant circuit. These cases 
demonstrate that this common form of macroreentry, 
often considered to be physiologic and innocuous may, 
in susceptible patients, produce a different and poten- 
tially dangerous reentry. We believe that it has not 
previously been shown that macroreentry, in this in- 
stance utilizing the bundle branches, may lead directly 
to myocardial (possibly micro-) reentry, here manifested 
as ventricular tachycardia. 

In two of our three patients, ventricular tachycardia 
resulted not only from macroreentry within the bundle 
branches, but also from a paced V3 delivered just before 
the expected onset of the reentrant V3. This suggests 
that although the macroreentrant V3 was capable of 
initiating the reentry responsible for ventricular 
tachycardia, conduction of the Və impulse over the 
bundle branch macroreentrant circuit was not required. 
Rather, the combination of a paced V5 plus a macro- 
reentrant V3 simulated S1-S2-S3 extrastimulus testing. 
The prerequisite for the initiation of the ventricular 
tachycardia reentry circuit was just the occurrence of 
a third ventricular depolarization, produced by either 
bundle branch reentry or by a paced ventricular extra- 
stimulus. 


260-290 275-360 255-280 265-340 255 


190-208 208-290 182-200 215-295 180 


230-290 275-335 230-260 290-330 225 


320-340 320-340 210-300 
230-245 240-265 225-275 
182 215 180 230 240 225 
320-330 340-345 295-370 
320 310 260 
310 300-340 235-280 


Modification of bundle branch reentry and 
ventricular tachycardia by quinidine: In Patient 1, 
intravenous quinidine widened the reentry zone for 
bundle branch and consequently for ventricular 
tachycardia reentry and shifted it to longer S;-Sz in- 
tervals by causing greater retrograde His-Purkinje 
conduction delay, reflected in longer S5-H» intervals for 
any particular 8,-S» interval (Fig. 2). This effect of in- 
travenous quinidine on bundle branch reentry resem- 
bles that of moderate doses of procainamide, as reported 
by Reddy et al.!? In the second patient, quinidine did 
not alter the zone for bundle branch and ventricular 
tachycardia reentry, perhaps because serum levels were 
slightly lower than in Patient 1. The influence of quin- 
idine on bundle branch reentry has not previously been 
described, although the effects of other antiarrhythmic 
drugs have been reported in detail.!9-!5 

Clinical implications: Recognizing cases in which 
the initiation of ventricular tachycardia in the labora- 
tory depends on bundle branch reentry may be impor- 
tant for clinical electrophysiologists who perform ven- 
tricular tachycardia induction studies to assess the ef- 
fectiveness of antiarrhythmic drugs. In some cases, as 
in our first patient, a drug may appear to have a dele- 
terious effect on the tachycardia by widening the 
reentry zone. However, this wider reentry zone may 
reflect only the effect of the drug on bundle branch 
macroreentry rather than on ventricular tachycardia 
microreentry because only after administration of the 
drug would the requisite V3 occur at longer S,-S; in- 
tervals. However, if ventricular tachycardia remains 
inducible after a particular drug, as in our first two pa- 
tients, one would not utilize that drug for long-term 
antiarrhythmic therapy. 

In other cases an antiarrhythmic drug might abolish 
bundle branch reentry, as reported by Reddy et al.!! in 
a study utilizing large doses of procainamide. Without 
V5, ventricular tachycardia would also be abolished. 
However, the absence of ventricular tachycardia after 
drug administration in such a situation would not in- 
dicate potential clinical usefulness of the drug because 
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S1-S2=350 





S1-S1= 800 


FIGURE 3. Case 2. Ventricular tachycardia 
initiated by bundle branch reentry and by paced 2 
Va. A, when, during ventricular pacing at basic 
cycle length (S4-S4) of 800 ms, a premature 
impulse is delivered at a coupling interval 
(S4-S5) of 350 ms, a retrograde bundle of His 


S1-S2=320 


S2-V3=330 


S1 S1 S2 
V1 
potential (H2) emerges from the premature HBE bA | i 
ventricular electrogram (V2). B, at the closer ‘ 
coupling interval of 320 ms, greater retrograde | dde & 


His-Purkinje delay occurs (that is, longer S2-H» TUS 
interval). Bundle branch reentry then occurs, 

followed by ventricular tachycardia (VT) that C 
was sustained for only 10 beats. C, a few 1 
minutes after the sequence in B, a third ven- 
tricular premature stimulus (S3) was delivered 
at a coupling interval (S2-S3) only 20 ms less 
than the S»o-V3 interval in B. Even though the 
paced V3 prevents the bundle branch reentrant 
V5 that otherwise would have occurred, ven- 
tricular tachycardia ensues, which is now 
sustained and requires cardioversion (see text). 
In the His bundle electrogram, the small S3 
ventricular pacing artifact is obscured by the 
simultaneous A» electrogram. 


it prevented the bundle branch macroreentry that was 
essential to trigger the ventricular tachycardia. Also, 
abolition by a drug of the bundle branch reentrant 
trigger that induced ventricular tachycardia in the 
electrophysiology laboratory would not necessarily 
imply abolition of the trigger for spontaneous tachy- 
cardia, because bundle branch reentry has never been 
shown to occur or to initiate ventricular tachycardia 
except during ventricular extrastimulus testing. 

To demonstrate drug efficacy in cases in which the 
antiarrhythmic drug abolishes bundle branch reentry, 
one would have to show that the drug also prevents 
ventricular tachycardia induced by paced V3 depolar- 
izations. Therefore, to assess the effect of antiarrhyth- 
mic drugs in cases in which induction of ventricular 


S1-S1=800 


S1-S2=320 S2-S3:3I0 





tachycardia in the electrophysiology laboratory depends 
on the occurrence of bundle branch reentry, the double 
ventricular extrastimulus technique (S;-S5-S3) should 
also be applied over a wide range of S2-V3 intervals both 
before and after drug administration. Failure to recog- 
nize cases in which bundle branch reentry provides a 
nonpaced means of introducing the V3 required to ini- 
tiate ventricular tachycardia may lead to inappropriate 
selection of long-term antiarrhythmic therapy. 
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EDITORIALS 


Is Coronary Arterial Spasm a Risk Factor for 


Coronary Atherosclerosis? * 


BERNARD LOWN, MD, FACC 
REGIS A. DeSILVA, MB, FRCP(C) 


Boston, Massachusetts 


Like some popular tune that sweeps a country with 
everyone humming the catchy refrain, the concept of 
coronary arterial spasm has rapidly gained widespread 
currency among cardiologists. The curious aspect is the 
long incubation period between the initial promulgation 
of this concept and its present generalized acceptance. 
Already in the 19th century, coronary spasm had been 
proposed to account for anginal pain.! Osler,” in his 
Lumleian lecture in 1910, lent his enormous prestige to 
this concept. Nonetheless, the organic atherosclerotic 
plaque remained the centerpiece in accounting for all 
clinical manifestations of ischemic heart disease. Al- 
though some clinicians?^ found difficulty in confining 
many observed facts within the tight rubric of the an- 
atomic lesion, this theoretic bulwark was unbreached 
until the report of Prinzmetal et al.° But these workers 
offered spasm merely as an explanation for a presum- 
ably infrequent variant of the anginal syndrome. 
What then is responsible for the current rapid turn- 
about? Coronary arterial spasm has now been impli- 
cated in some cases of classic angina pectoris,°’ in acute 
myocardial infarction! and in sudden cardiac 
death.12:13 Invariably, the replacement of a scientific 
medical hypothesis reflects the interaction of two fac- 
tors; namely, the presence of a long-existing imperfec- 
tion in theory-data fit and a methodologic advance that 
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divulges a new content. Both of these factors are in- 
volved in the present issue. The occurrence of angina 
at rest without evident increase in myocardial demand, 
as well as a number of other clinical observations,?'4 has 
long argued against luminal narrowing as the sole ex- 
planation for diverse manifestations of myocardial 
ischemia. But the decisive factor leading to a change in 
medical paradigm was related to the introduction of 
selective coronary angiography. For the first time the 
occurrence of reversible segmental and diffuse nar- 
rowing of coronary arteries was visible. 


Concept of Coronary Spasm 


In this issue of the Journal, Marzilli and co-workers!4 
expand the concept of spasm to include the pathogen- 
esis of atherosclerosis. The key element of the hypoth- 
esis is the proposition that an abnormality of coronary 
smooth muscle manifests its disordered function as 
reactive vasospasm which then progresses to the de- 
velopment of atherosclerotic plaques and finally fixed 
coronary lesions. Far from being a variant, as proposed 
by Prinzmetal et al.,? coronary vasospasm is presumed. 
to be the underlying disorder accounting for all the 
pathologic manifestations of coronary atherosclerosis. 
It thus brings under one theoretic umbrella the entire 
spectrum of coronary artery disease. Such a theory, if 
correct, has profound implications. It not only opens 
new avenues for investigating atherosclerosis, but also 
immediately provides a prophylactic approach to the 
underlying basis of ischemic heart disease. An especially 
attractive aspect is that there is now available an en- 
tirely new class of agents that preferentially block cal- 
cium flux into smooth muscle and thereby interfere with 
vasomotion. This provocative theory therefore demands 
critical scrutiny. 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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Initiation of the Atherosclerotic Plaque 


The focal lesions of atherosclerosis are characterized 
by proliferation of smooth muscle cells, deposition of 
extra- and intracellular lipid and accumulation of ex- 
tracellular matrix components including collagen, 
elastic fibers and proteoglycans.!^ Endothelial cells in 
the arterial wall are highly interdigitated and form a 
barrier to the passage of macromolecules such as lipo- 
proteins. Disruption of this barrier leads to a complex 
tissue response involving platelets, smooth muscle cells 
and the endothelium itself. 

Three theories are currently being promulgated to 
account for initiation of the atherosclerotic lesion. 
Most venerable by virtue of durability is the response 
to injury hypothesis, first proposed by Virchow!® and 
since modified by contemporary workers.!?!7 Intimal 
injury causes immediate adherence of platelets to sub- 
endothelial connective tissue, smooth muscle prolifer- 
ation and formation of collagen elastic fibers and gly- 
cosamines; the latter have a marked affinity for binding 
low density lipoproteins. A second formulation, the 
so-called monoclonal hypothesis, proposed by Benditt 
and Benditt,!? holds that every atherosclerotic plaque 
arises from a single defective smooth muscle cell. Each 
lesion is viewed as a benign neoplasm derived from a cell 
that had been transformed by agents such as viruses or 
chemicals. A third formulation also relating to prolif- 
eration of smooth muscle cells, the so-called clonal 
senescence hypothesis, has been suggested by Martin 
and Sprague.!? Atherosclerosis is presumed to be a 
function of declining stem cell activity in the arterial 


media. Stem cells replicate to form smooth muscle cells . 


that secrete “chalones” that inhibit multiplication of 
the progenitor cell. With aging, this inhibitory function 
is impaired, leading to an increase in replication of in- 
timal stem cells with resultant smooth muscle cell ac- 
cumulation culminating in the atherosclerotic 
plaque. 


Is Vasospasm a Cause of Smooth Muscle 
Proliferation? 


In each of these hypotheses, smooth muscle cell 
proliferation is an essential element in the develop- 
ment of the atherosclerotic lesion. It is therefore not 
unreasonable, as Marzilli and co-workers!‘ suggest, that 
enhanced smooth muscle tone plays a pathogenetic role. 
But to paraphrase Samuel Butler, the tragedy of all 
scientific and clinical inquiry is that a beautiful hy- 
pothesis is frequently slain by an ugly fact. One must 
therefore address the factual underpinning that Marzilli 
et al. provide for their theory. Validation of such a hy- 
pothesis requires demonstration in a longitudinal study 
that patients with angiographically proved coronary 
arterial spasm subsequently have a greater incidence 
of atherosclerosis than that of a carefully matched 
control population. Furthermore, such atherosclerotic 
lesions would need to be concentrated in the very vas- 
cular segments that have exhibited increased vasomo- 
tion. 


ENENENNNEEEEEEEEEE——————s[—Ó———————ÀÀÁÀ 


Marzilli and co-workers present no such evidence. 
The crux of their hypothecating derives from the fact 
that 15 of 212 consecutive patients with ischemic heart 
disease had no angiographically demonstrable coronary 
lesions and were younger in age. This observation leads 
them to state that “... it is apparent that vasospastic 
ischemia preceded in time the development of coronary 
atherosclerosis." But this is not at all apparent. Even 
if the group presumed to have had coronary spasm 
constituted more than 7 percent of the total studied 
population, such a conclusion would still be unwar- 
ranted because no progression of the functional de- 
rangement to the organic lesions had been shown. In 
fact, it is even uncertain whether the presumed disparity 
in age is of statistical significance. When one compares 
the subjects without coronary narrowing with those who 
show incipient disease, the age difference is only 3 years. 
The additional observation they present of a single 60 
year old woman who on two occasions, 8 months apart, 
showed a different response to nitroglycerin is too 
spindly a reed of an argument to support this weighty 
hypothesis. 

Additional considerations cast doubt on the likeli- 
hood of coronary vascular spasm as a pathogenic 
mechanism of the atherosclerosis plaque. Large elastic 
arteries such as the aorta, iliac and femoral vessels do 
not undergo vasospasm yet have a marked proclivity for 
atherosclerosis. On the other hand, vasomotor reactivity 
is a generalized property of muscular arteries and ar- 
terioles throughout the body and, although they may 
undergo vasospasm over a lifetime in response to diverse 
stimuli, they are spared atherosclerosis. Even extreme 
degrees of vasospasm, as observed in Raynaud's disease, 
are not accompanied by the atherosclerotic involvement 
of the spastic vessels.?? Similar conclusions are to be 
reached from considering the pulmonary circulation. 
The pulmonary vascular tree is a low pressure system 
that is reactive to various environmental and humoral 
stimuli such as hypoxia, catecholamines, histamine, 
serotonin, angiotensin and prostaglandin Fə alpha; these 
conditions and agents all cause vasoconstriction that is 
mediated in part by the alpha adrenergic system.?! 
Notwithstanding this degree of vascular reactivity, the 
pulmonary circulation is remarkable for its resistance 
to atherosclerosis. Significant pulmonary arterial ath- 
erosclerosis is found exclusively in severe primary pul- 
monary hypertension and secondary to long-standing 
left ventricular failure.?? The susceptibility of the right 
coronary artery to spasm is well recognized,?? yet it is 
not preferentially burdened with atheromatous dis- 
ease.?4 

The incidence of the syndrome of angina pectoris 
with angiographically normal coronary vessels is more 
prevalent among young and middle-aged women than 
among men. Indeed, among the patients studied by 
Marzilli et al., nearly half of those without angiographic 
disease and only one percent of those with three vessel 
involvement were women. Even though atypical chest 
pain syndromes are more prevalent in women, and no 
doubt the basis in some is coronary arterial spasm, few 
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such patients exhibit evidence of significant athero- 
sclerosis. Women begin to equal men in the severity of 
coronary atherosclerosis only after the 7th decade of life. 
Another pertinent fact is that although coronary vaso- 
spasm has been widely reported from Japan, that 
country enjoys one of the lowest mortality rates from 
ischemic heart disease among  industrialized 
countries.?* 


Conclusions 


It would be surprising if the coronary vasculature, 
which is richly endowed with smooth muscle, were im- 
pervious to vasomotion. The occurrence of spasm is 
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most probably a normal and essential physiologic re- 
sponse to modulate regional flow to meet the ever- 
changing myocardial requirements for perfusion. Can 
one then state categorically that coronary spasm does 
not contribute to the lesions of atherosclerosis? The 
paucity of direct evidence provides equal sanction for 
affirmation as well as for negation of such a relation. But 
in the biologic realm, disease is frequently the conse- 
quence of malfunctioning cybernetic loops wherein an 
organic derangement springs from amplification of a 
normal physiologic process. As Osler,? commenting on 
the syndrome of angina pectoris, pointed out long ago, 
“The subject is full of knotty problems which lend 
themselves to speculation." 


References 


1. Latham PM. Collected Works. Vol 1, Lecture 37. London: New 
Sydenham Society, 1876:445-80 
2. Osler W. Lumleian lectures on angina pectoris. Lancet 1910; 1: 
697-702 
3. Levine SA. Some puzzling points concerning angina pectoris. Am 
J Cardiol 1958;1:19-25 
4. Lown B. Verbal conditioning of angina pectoris during exercise 
testing. Am J Cardiol 1977;40:630-4 
5. Prinzmetal M, Kannamer R, Merlis R, Wada T, Bor N. Angina 
pectoris. |. A variant form of angina. Am J Med 1959;27: 
375-88 
6. Chahine RA, Raizner AE, Luchi RJ. Coronary arterial spasm in 
classic angina pectoris. Cathet Cardiovasc Diagn 1975;1: 
337-42 
7. Maseri A. Variant angina and coronary vasospasm: clues to a 
broader understanding of angina pectoris. Cardiovasc Med 1979; 
4:647-67 
8. Oliva PB, Breckinridge JC. Arteriographic evidence of coronary 
arterial spasm in acute myocardial infarction. Circulation 1977; 
56:366-74 
9. Hellstrom RH. Vasospasm in ischemic heart disease—a hypoth- 
esis. Perspect Biol Med 1973; 16:427-40 
10. Magori A, L’Abbate A, Baroldi G, et al. Coronary vasospasm as 
a possible cause of myocardial infarction: a conclusion derived 
from the study of '"preinfarction" angina. N Engl J Med 1978; 
229:2171-7 
11. Hellstrom RH. Coronary artery vasospasm: the likely immediate 
cause of acute myocardial infarction. Br Heart J 1979;41: 
426-32 
12. Dhurandhar RW, Watt DL, Silver MD, Trimble AS, Adelman AG. 
Prinzmetal's variant form of angina with arteriographic evidence 
of coronary arterial spasm. Am J Cardiol 1972;30:902-5 
13. Prichkov VK, Mookerjee S, Schiess W, Obeid AI. Variant anginal 
syndrome, coronary artery spasm, and ventricular fibrillation in 
absence of chest pain [letter]. Ann Intern Med 1974;81:858-9 


14. Marzilli M, Goldstein S, Trivella MG, Palumbo C, Maseri A. Some 
clinical considerations regarding the relation of coronary vaso- 
spasm to coronary atherosclerosis: a hypothetical pathogenesis. 
Am J Cardiol 1980;45:882-6 

15. Ross R, Glomset JA. The pathogenesis of atherosclerosis. N Engl 
J Med 1976;295:369-77 

16. Virchow RLK. Cellular Pathology as Based on Physiological and 
Pathological Histology (translated from the second German edition 
by Chance F). New York: Dover Publications, 197 1:230-54 

17. Kottke BA, Subbiah MTR. Pathogenesis of atherosclerosis. Mayo 
Clin Proc 1978;53:35-48 

18. Benditt EP, Benditt JM. Evidence for a monoclonal origin of human 
atherosclerotic plaques. Proc Natl Acad Sci USA 1973;70: 
1753-6 

19. Martin GM, Sprague CA. Symposium on in vitro studies related 
to atherogenesis: life histories of hyperplastoid cell lines from aorta 
and skin. Exp Mol Pathol 1973;18:125-41 

20. Raynaud's phenomenon and allied vasospastic disorders. In: 
Fairburn JF Il, Juergens JL, Spittell JA Jr, eds. Peripheral Vascular 
Diseases. 4th ed. Philadelphia: WB Saunders, 1972: 387-419 

21. Bergofsky E H. Mechanisms underlying vasomotor regulation of 
regional pulmonary blood flow in normal and disease states. Am 
J Med 1974;57:378-94 

22. Heath D, Edwards JE. The pathology of hypertensive pulmonary 
vascular disease. Circulation 1958;18:533-47 

23. Chahine RA, Raizner AE, Ishimori T, Luchi RJ, Mcintosh HD. The 
incidence and clinical implications of coronary artery spasm. 
Circulation 1975;52:972-8 

24. Proudfit WL, Shirey EK, Sones FM Jr. Distribution of arterial lesions 
demonstrated by selected cinecoronary arteriography. Circulation 
1967;36:54 -62 

25. WHO mortality statistics, cardiovascular disease, annual statistics 
1955-1964 by sex and age. Epidemiological and Vital Statistics 
Report. WHO 1967; 20:539 


April 1980 The American Journal of CARDIOLOGY Volume 45 903 


INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


THE WHOLE PAPER 


e Address manuscript to Managing Editor, 
American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10019. 

e Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 

e Number all pages in above sequence, be- 
ginning with title page as 1, abstract as 2, 
etc. 

e Type all matter: (1) on 8% X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side of each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, where 
applicable, FACC for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase ‘‘Address for re- 
prints: . . .” followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

* Do not use abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
Parkinson-White. 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532—5; and 
Lancet 1979:1:428-30. 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

* Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

* Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

* Type in duplicate; double-space. 

* Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

* Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

* Use arrows to designate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e Identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

* Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al. ): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. In: Moss AJ, Adams F, eds. Heart Disease 
in Infants, Children and Adolescents. Baltimore: Williams & Wilkins, 1968:134-9.. 


For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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ime is the test of all things. 


BRIEF SUMMARY 
Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavors 
Sugar-Free 

Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental pote 
(as potassium gluconate, 4.68 g) with saccharin and aromatics. Alcohol 5%. 
Indications: Kaon Elixir is indicated for the treatment of potassium depletic 
: a patients with hypokalemia and for the treatment of digitalis intoxication. Kac 
2 x Elixir is also indicated for the prevention of potassium depletion when the dic 
3 T intake of potassium is inadequate for this purpose. The prophylactic administr 
of potassium ion may be indicated in patients receiving digitalis and diuretics fc 


MERI LE iM 
Von deni treatment of congestive heart failure; hepatic cirrhosis with ascites; patients with 
a hypertension on long-term diuretic therapy; patients on corticosteroid therapy; 
- * hyperaldosteronism states with normal renal function; the nephrotic syndrome; ani 
‘ JE certain diarrheal states 
ad wr — Contraindications: Potassium supplements are contraindicated in patients with hy 


kalemia since a further increase in serum potassium concentration in such patients can 
produce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Cl 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissut 
breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium-sp. 
diuretic (e.g. spironolactone, triamterene). 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation if ad 
tered undiluted. For details regarding adequate dilution, see Dosage and Administration. 

In patients with impaired mechanisms for excreting potassium. the administration of potassium salt 
produce hyperkalemia and cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemia car 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly careful 

monitoring of the serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of potassium salts 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultaneou: 
administration of these agents can produce severe hyperkalemia 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in mind that acuti 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium. while acute acidosis per se can increase the serum potassium concentre 
tion into the normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the presence of 
cardiac disease, renal disease, or acidosis, requires careful attention to acid- 
base balance and appropriate monitoring of serum electrolytes, the electro 
cardiogram. and the clinical status of the patient 
In hypokalemic states. especially in patients on a low-salt diet. 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In these 
circumstances, potassium replacement with potassium 
chloride (e.g. Kaochlor 10% Liquid, W-T) may be more 
advantageous than with other potassium salts. Howeve 
Kaon can be supplemented with chloride. Ammonium 
chloride is an excellent source of chloride ion (18.7 mEq 
per gram) but it should not be used in patients with hepatic 
cirrhosis where ammonium salts are contraindicated. 
Adverse Reactions: Nausea. vomiting. diarrhea, and 
abdominal discomfort have been reported. The symp- 
torns and signs of potassium intoxication include 
paresthesias of the extremities, flaccic paralysis. 
listlessness, mental confusion. weakness and heav 
iness of the legs. fall in blood pressure, cardiac ar- 
rhythmias, and heart block. 
Overdosage: The administration of oral potassiui 
salts to persons with normal excretory mechanisms 
for potassium rarely causes serious hyperkalemia. 
However. if excretory mechanisms are impaired or if 
potassium is administered too rapidly intravenously. po 
tentially fatal hyperkalemia can result (see Contraindica- 
s and Warnings). It is important to recognize that hyper- 
usually asymptomatic and may be manifested only by ar 
Sa serum potassium concentration and characteristic electrocardio- 
faphic changes (peaking of T-waves. loss of P-wave. depression of S-T seg- 
Wee and prolongation of the QT interval). Late manifestations include 
tex . muscle-paralysis and cardiovascular collapse from cardiac arrest. 
1 Hew Supplied: Pints and gallons in Grape and Lemon-Lime flavors; 15 ml 
T StatPak® and 4 fl. oz. in Grape flavor only 
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Diagnostic 
ynergy 


Real-time plus M-mode in hard copy. 








Made possible by unique digital electronics. Making our Mark III an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 
| Doctor and system interact. Segments of the study may be dealt with and 
= perfected without disturbing the whole. Adequate data is obtainable during the first 

patient examination, saving valuable time. Serial studies are assured consistent data. 
Graphics or alphanumerics can be super-imposed. Unique with the Mark III, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 
from within. State-of-the-need today, the system will grow with your needs 
and new technology. It's what the world is coming to. And, more and 
more, the world is coming to ATL for advanced instrumentation. a i 
Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 

WA. 98005 (206) 641-5410. ultrasound 
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Oo long-acting, 
steady-state 


plasma levels 
Achieved shortly after 24 hours... 
maintained for 12 hours* 


3 priced for 


greater economy 

Cost is approximately 20% less 
than other long-acting quinidine 
gluconate therapy.’ 


*Quantity of drug and frequency of administration needed to achieve 
desired clinical results must be determined for each patient 
tRed Book, 1979 
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DUfaQuin 


(QUINIDINE GLUCONATE 
TABLETS) SUSTAINED-RELEASE TABLETS, 330 mg 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 

DURAQUIN® (quinidine gluconate tablets) Sustained Release 

AHFS Category 24:04 

CLINICAL PHARMACOLOGY. In clinical studies. single doses of Duraquin 
produced a mean maximum plasma level at 2 hours which was maintained for 
12 hours. This broad plateau indicates slow, continuous absorption from the 
gastrointestinal tract. 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 
hours, produced steady state (equilibrium) plasma levels shortly after 24 hours. 
The average quinidine plasma levels (Cramer and Isaksson assay' ) were O.81 
mcg/ml and the mean peak levels were 1.16 mcg/ml in a group of normal male 
subjects weighing 75 Kg. Following the last dose at Steady state, quinidine plasma 
levels decreased at an approximate rate of 5095 in 10 hours. This compares to the 
expected plasma half-life of 6.3 hours for quinidine sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with 
dosage. While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml 
have been reported, these values are based on peak plasma levels determined 
by the less specific Edgar and Sokolow assay? This procedure yields quinidine 
levels averaging 2296 higher than the Cramer and Isaksson assay. Plasma levels 
vary considerably in patients receiving identical doses. Therefore, it is advisable to 
adjust the dosage by monitoring plasma quinidine levels. 

INDICATION. Duraquin tablets are indicated for the prevention of premature 
atrial, nodal, or ventricular contractions. They are also indicated for the mainte- 
nance of normal sinus rhythm following spontaneous reversion or electrical con- 
version of atrial, nodal, or ventricular tachycardia, atrial flutter and fibrillation 
(either paroxysmal or chronic). 

CONTRAINDICATIONS. 1. History of hypersensitivity to quinidine manifested by 
thrombocytopenia, skin eruption, febrile reactions, etc. 

2. Complete A-V block 

3. Complete bundle branch block or other severe intraventricular conduction 
defects exhibiting marked QRS widening or bizarre complexes 

4. Myasthenia gravis 

5. Arrhythmias associated with digitalis toxicity 
WARNINGS. 1. (a) In the treatment of atrial fibrillation with rapid ventricular re- 
sponse, ventricular rate should be controlled with digitalis glycosides prior to 
administration of quinidine. 

(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may 
be preceded by progressive reduction in the degree of A-V block to a 1:1 ratio 
resulting in an extremely high ventricular rate. This potential hazard may be reduced 
by digitalization prior to administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is 
necessary, digoxin dosage should be reduced and plasma concentration should 
be monitored and patients observed closely for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 
50% widening of ORS, and/or ventricular ectopic beats or tachycardia. Appear- 
ance of these toxic signs during quinidine administration mandates immediate 
discontinuation of the drug, and/or close clinical and electrocardiographic moni- 
toring. Note: Quinidine effect is enhanced by potassium and reduced in the 
presence of hypokalemia. 

3. "Quinidine Syncope” may occur as a complication of long-term therapy. It is 
manifested by sudden loss of consciousness and ventricular arrhythmias with 
bizarre QRS complexes. This syndrome does not appear to be related to dose or 
plasma levels but occurs more often with prolonged QT intervals. | 

4. Because quinidine antagonizes the effect of vagal excitation upon the atrium 
and the A-V node, the administration of parasympathomimetic drugs (choline 
esters) or the use of any other procedure to enhance vagal activity may fail to 
terminate paroxysmal supraventricular tachycardia in patients receiving quinidine. 

5. Quinidine should be used with extreme caution in: 

a) the presence of incomplete A-V block, since a complete block and asystole 
may result. Quinidine may cause unpredictable abnormalities of rhythm in digi- 
talized hearts. Therefore, it should be used with caution in the presence of digitalis 
intoxication (see 1.(b) above). 

b) Partial bundle branch block. 

C) Severe congestive heart failure and hypotensive states due to the depressant 
effects of quinidine on myocardial contractility and arterial pressure. 

d) Poor renal function, especially renal tubular acidosis, because of the 
potential accumulation of quinidine in plasma leading to toxic concentrations. 
PRECAUTIONS. 1. Test Dose— A preliminary test dose of a single tablet of 
quinidine sulfate should be administered prior to the initiation of the sustained 
release gluconate to determine whether the Patient has an idiosyncrasy to the 
Quinidine molecule. 

2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quini- 
dine, although rare, should be considered (eg, angioedema, purpura, acute 
asthmatic episode, vascular collapse). 
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3. Long-Term Therapy — Periodic blood counts and liver and kidney function . 
tests should be performed during long-term therapy and the drug should be dis- 
continued if blood dyscrasias or signs of hepatic or renal disorders occur. . 

4. Large Doses — ECG monitoring and determination of plasma quinidine levels 
are recommended when doses greater than 2.5 g/day are administered 

5. Usage in Pregnancy —The use of quinidine, in pregnancy, should be reserved 
only for those cases where the benefits outweigh the possible hazards to the 
patient and fetus. 

6. Nursing Mothers —The drug should be used with extreme caution in nursing 
mothers because the drug is excreted in breast milk. 

7. General— In patients exhibiting asthma, muscle weakness, and infection with 
fever prior to quinidine administration, hypersensitivity reactions to the drug may 
be masked. 

DRUG INTERACTIONS. 1. Caution should be used when quinidine and its 
analogs are administered concurrently with coumarin anticoagulants. This com- 
bination may reduce prothrombin levels and cause bleeding. 

2. Quinidine, a weak base, may have its half-life prolonged in patients who are 
concurrently taking drugs that can alkalize the urine, such as thiazide diuretics, 
Sodium bicarbonate, and carbonic anhydrase inhibitors. Quinidine and drugs 
which alkalize the urine should be used together cautiously. $ 

3. Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. 
An additive vagolytic effect may be seen when quinidine and drugs having anti- 
cholinergic blocking activity are used together. Drugs having cholinergic activity 
may be antagonized by quinidine. 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac 
depressant effects when administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS, 

6. Antacids may delay absorption of quinidine but appear unlikely to cause 
incomplete absorption. 

7. Phenobarbital and phenytoin may reduce plasma T 1/2 of quinidine by 50%. 

8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory 
depression of patients receiving decamethonium, tubocurare, or succinylcholine. 
ADVERSE REACTIONS. Symptoms of cinchonism (ringing in the ears. head- 
ache, disturbed vision) may appear in sensitive patients after a single dose of 
the drug. 

Gastrointestinal: The most common side effects encountered with quinidine 
are referable to this system. Diarrhea frequently occurs, but it rarely necessitates 
withdrawal of the drug. Nausea, vomiting, and abdominal pain also occur. Some 
of these effects may be minimized by administering the drug with meals. 

Cardiovascular: widening of QRS complex, cardiac asystole, ventricular ectopic 
beats, idioventricular rhythms including ventricular tachycardias and fibrillation; 
paradoxical tachycardia, arterial embolism and hypotension. 

Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. : 

CNS: headache, fever, vertigo, apprehension, excitement, confusion, delirium 
and syncope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed 
vision (mydriasis, blurred vision, disturbed color perception, photophobia, 
diplopia, night blindness, scotomata); optic neuritis. 

Dermatologic: cutaneous flushing with intense pruritus. 

Hypersensitivity reactions: angioedema, acute asth matic episode, vascular 
collapse, respiratory arrest. 

DOSAGE AND ADMINISTRATION. Dosage should be titrated to give the 
desired clinical effect, eg, elimination of paroxysmal rhythm or reduction in 
premature contractions (See CLINICAL PHARMACOLOGY). This will often 
require prolonged ambulatory ECG monitoring, as hour-to-hour variability 
renders brief ECG recordings unreliable. When doses larger than 2.5 g/day are 
used, quinidine blood levels should be monitored, if possible, and serial ECGs 
should be followed (See WARNINGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus 
rhythm following electrical conversion, the usual dosage is from 330 mg to 
660 mg every eight hours, most patients requiring the higher dose. 

In elderly patients, and in patients in the lower end of the normal weight range, 
plasma quinidine determinations should be considered. Dosage adjustments may 
be required. 

OVERDOSAGE. Cardiotoxic effects of quinidine may be reversed in part by 
molar sodium lactate; the hypotension may be reversed by vasoconstrictors and by 
catecholamines (since the vasodilation is partly due toalpha-adrenergic blockade). 
HOW SUPPLIED. N 0071-0850(P-D 850) Duraquin (quinidine gluconate tablets) 
330-mg tablets are supplied in bottles of 100 tablets and in unit-dose packages of 
100 (10 strips of 10 tablets each). 

1. Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. 
Scandinavian J. Clin. & Lab. Investigation 15, 553, 1963. 

2. Edgar, A.L. and Sokolow, M. Experiences with the Photofluorometric Deter- 
mination of Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950. YF 
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Maintaining patients' safety and obtaining excellent diagnostic images THE 
are major objectives. And Cardicon works with you by eliminating system- 


related distractions and control problems. | MAGE 


Complete control over projection angles and imaging modes rests at 


your fingertips in compact, table-mounted controls. You'll never lose the OF 
center of interest, because Cardicon’s C-arm maintains true rotational 
isocentricity. So the view you want is the view you get, through an VALUE. 


imaging system that consistently gets the most from every projection. 
Ask your Picker representative for more information about 


Cardicon — the system that won’t come between you and your patient. PICKE R 
Or write to Picker Corporation or Picker International, 


595 Miner Rd., Highland Hts., OH 44143. ONE OF THE CIT COMPANIES 













You'll find the most practical, - 
comprehensive information available in... 





Guest Editor: Agustin Castellanos, MD, Professor of Medicine, 
Director, Clinical Electrophysiology, University of Miami School 
of Medicine, Miami, Florida. 


Dr. Castellanos and some of the most respected authorities in 
the field have masterminded a concise, no-nonsense volume of 
practical advice that you will use again and again in your daily 
practice. 


This handy book gives you detailed information on all the 
types of arrhythmias as well as on methods of diagnosis, treat- 
ment, and management. Particularly useful is the extensive 
coverage of the latest developments in the pharmacologic man- 
agement of arrhythmias. Pertinent aspects of electrocardio- 
graphic diagnosis and assessment are discussed throughout. 


About 350 pages. lllustd. About $37.50. Ready May 1980. 
Order #1684-8. 


The Editor-in-Chief of the Cardiovascular Clinics is Albert 
N. Brest, MD. 
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The illustration above is from Castellanos: Cardiac Arrhythmias. it 
shows the slowing of a rapid ventricular rate during atrial flutter-fibril- 
lation following intravenous infusion of 100 mg lidocaine (Xylocaine). 


CARDIAC ARRHYTHMIAS: 
Mechanisms and Management 


Cardiovascular Clinics, Volume 11, Number 1. 





Contents and Contributors: 


Indications for His Bundle Recordings, Anthony N. Damato, Antonio 
R. Caracta, Prasad S. Vadde. Sick Sinus Syndrome: Mechanisms and 
Management, Brian J. Gaffney, Alan G. Wasserman, Alberto 
Rotsztain, Jorge C. Rios. Supraventricular Tachycardia: Mechanisms 
and Treatment, Ruey J. Sung, Agustin Castellanos. Electrophysio- 
logic Management of Recurrent Ventricular Tachycardiain Acute and 
Chronic Ischemic Heart Disease, Mark E. Josephson, John A. Kastor, 
Leonard N. Horowitz. Bundle Branch Block, Melvin M. Scheinman, 
Nora F. Gofdschlager, Robert W. Peters. Arrhythmias During Myo- 
cardial Infarction: Mechanisms, Significance and Therapy, Michael 
C. Hindman, Galen S. Wagner. The Preexcitation Syndrome, Ruey J. 
Sung, Agustin Castellanos. Clinical Value of Ambulatory Hhythm 
Monitoring, Edward K. Chung. Ventricular Ectopy and Sudden Death, 
John J. Rozanski, Agustin Castellanos, Robert J. Myerburg. Detez- 
tion, Significance, and Management of VPBs in Ambulatory Patients, 
Arthur J. Moss. implantable Pacemakers for Cardiac Tachyarrhyth- 
mias, Augustin Castellanos, Harvey L. Waxman, Barouh V. Berkovits, 
Ruey J. Sung, Computer Recognition of Cardiac Arrhythmias, 
Leon Pordy, G. Charles Oliver. Common Arrhythmias in Acute 
Myocardial Infarction, K. L Lie, D. Dirk Durrer. Arrhythmias and 
Conduction System Disturbances in Infants and Children—Recent 
Advances and Contribution of Intracardiac Electrophysiology, Arthur 
S. Pickotf, Grace S. Wolff, Dolores Tamer, Henry Gelband. Clinical 
Pharmacology of Old and New Antiarrhythmic Drugs, Stanley Nattel, 
Douglas P. Zipes. The Indications for Antiarrhythmic Therapy as 
Prophylaxis Against Sudden Death, Thomas Peter, Hiromu 
Hamamoto, Jay Jordan, Marc Platt, William J. Mandel. Monitoring 
Blood Levels of Cardioactive Drugs, C. Pratap Reddy, Jerome 
Dominic, Borys Surawicz. 


Office Cardiology 


Dr. Robert O. Brandenburg, Sr., and eighteen of his cofleagues from 
the Mayo Ciinic give you a weatth of information based on their vast 
experience in treating ambulatory cardiovascular patients in an 
office practice. The effective use of noninvasive techniques is em- 
phasized throughout. Robert O. Brandenburg, Sr., MD, Guest Editer. 
308 pp. 119 ill. $37.50. Feb. 1980. Order #1118-8. 


Anesthesia and the Patient with 

Heart Disease 

Tae practical anesthetic management of the cardiac patient sched- 
uled for non-cardiac surgery is discussed by 12 eminent physicians. 
Burnell R. Brown, Jr, MD, PhD, Editor. 193 pp. Illustd. $20.00. 
Jan. 1980. Order #1260-5. 





On 30-day approval, please send and bill me for a copy of 
Castellanos: Cardiac Arrhythmias. #1684-8. Also send the books 
| have indicated below: 


Please send the books | have indicated. If i'm not satisfied, | 
may return the books, in good condition, within 30 days. There 
will be a nominal charge for postage and handling. 
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Brown: Anesthesia and the Patient with Heart Disease. $20.00, Jan. 
1980. #1260-5. 

Brandenburg: Office Cardiology. $37.50. Feb. 1980. #1118-8. 
Willerson: Nuclear Cardiology. $35.00. May 1979, #9329-X. 

Roberts: Congenital Heart Disease in Aduits. $60.00. April 1979. 
#7419-8. 

Wenger: Exercise and the Heart. $35.00. 1978. #9226-9. 

Kotier & Segal: Clinical Echocardiography. $35.00. 1978. #5440-5. 
Onesti & Brest: Hypertension: Mechanisms, Diagnosis, and Treatment. 
$35.00. 1978. #6630-6. 
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Rahimtoola: Coronary Bypass Surgery. $35.00. 1977. #7270-5. 
Corday: Controversies in Cardiology. $35.00. 1977. #1980-4. 
Spodick: Pericardial Diseases, $32.00. 1976. #8080-2. 

CL} Brest et al.: Innovations in the Diagnosis and Management of Acute 
Myocardial Infarction. $32.00. 1975. #1190-0. 
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Recent Literature — — 
Implicates Quinidine in Raising 
serum Digoxin Levels 


Evidence that serum digoxin concentra- "It is of interest that the most dangerous cardiac 
tions are increased by concomitant treat- side effect of quinidine, syncope, has occurred pri- 
ment with quinidine has been reported by marily in patients treated with both quinidine and 


several inmuestiontars Bicearptenre nre digoxin. In retrospect it appears likely that their 
| EET POESPUBC DUREE pres serum digoxin levels were elevated .... 
sented here. 


"The extent of the serum digoxin elevation 
depends on the dosage of quinidine. In our studies 
...the usual therapeutic dose (1000 mg per day) 
led to a 2.5-fold increase in the digoxin concentra- 
tion within four to six days." 


"After digoxin radioimmunoassay became avail- 
able...we noticed that serum digoxin concentra- 
tions rose, often markedly, when quinidine was —From Doering, W.: Quinidine-Digoxin Interaction: 
administered to stable patients receiving digoxin. Pharmacokinetics, Underlying Mechanism and Clinical 
Our retrospective study...investigates this impor- Implications, N. Engl. J. Med. 307 :400—404, 1979. 
tant interaction between quinidine and digoxin and | « 
demonstrates that quinidine administration causes 
an increase in plasma digoxin concentration. 

In addition, our findings suggest that some of the 
toxicity previously attributed to quinidine may 
actually represent quinidine-induced digitalis 
toxicity.” 
—From Reiffel, J. A., and others: A Previously Unrec- 
ognized Drug Interaction Between Quinidine and 


... Leahey et al....showed intensification of typical 
digitalis effects in the ECG when quinidine was 
given. In one patient the serum digoxin concentra- 
tion increased from 2.2 to 4.1 ng per milliliter 
during quinidine treatment, the ventricular rate in 
atrial fibrillation decreased markedly, and ven- 
tricular premature contractions appeared. In a 
second patient the doses of quinidine and digoxin 


Digoxin, Clin. Cardiol. 2:40-42, 1979. were altered such that the serum digoxin con- 
centration fluctuated over a wide range; the PR 
“The present study has shown a consistent change interval rose and fell in parallel with the changes 
in the disposition of digoxin in the presence of in serum digoxin concentration. In a third patient, 
quinidine, suggesting that this interaction may be non-paroxysmal atrioventricular junctional tachy- 
extremely common....Digoxin toxicity appears to cardia developed as the serum digoxin concen- 
be enhanced in the presence of quinidine, and tration increased during quinidine therapy. ... Thus, 
therefore a decrease in digoxin dosage is suggested | there is some evidence that adverse gastroin- 
when the drugs are given concurrently, Frequent testinal and cardiac effects of digoxin occur when 
assessment of the plasma concentration of digoxin the serum digoxin concentration increases as a 
and careful attention to the clinical symptoms of result of simultaneous quinidine treatment. ... 
toxicity are suggested when the two drugs are _ , Do other antiarrhythmic drugs cause a sim- 
given in combination.” ilar increase in serum digoxin concentration? 
-Pinatas W Daad dhis: Diodi Doering examined the serum digoxin concentra- 
Interaction: Pharmacokinetic Evaluation, N. Engl. J. tion before and after administration of several 
Med. 300:1238-1241, 1979. antiarrhythmic drugs, including two drugs that are 
currently used in the United States, lidocaine 
“All 12 patients showed a rise in plasma digoxin (three cases) and disopyramide (four cases). None 
concentrations when quinidine was given (mean of the drugs caused an increase in serum digoxin 
value 1.1 nmol/l (0.85 ng/ml) before quinidine, concentration." 
and 2.0 nmol/l (1.6 ng/ml) after quinidine). Five —From Bigger, J. T., Jr.: The Quinidine-Digoxin Inter- 
determinations of plasma digoxin were made in tyes Ago prb Know About It?, N. Engl. J. Med. 
each patient after the start of quinidine treatment. i i l 
One of the six patients whose plasma concentra- From what has appeared in the literature con- 
tions rose above the therapeutic range on one or cerning the elevation of digoxin levels with con- 
more occasions developed symptoms of digitalis comitant quinidine use and reported lack of eleva- 
intoxication.” tion of digoxin levels with concomitant Norpace 
—From Ejvinsson, G.: Effect of Quinidine on Plasma use, ^it would appear that Norpace should be a 
Concentrations of Digoxin, Br. Med. J. /:279—280, 1978. logical alternative to quinidine. 
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NOPPace 
(disopyramide phosphate) 
a logical therapeutic choice 


Before prescribing Norpace (disopyramide phosphate), please con- 
sult current complete prescribing information, a summary of which 
follows: 


Indications: Norpace is indicated for suppression and prevention 
of recurrence of the following cardiac arrhythmias when they occur 
singly or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of mul- 
tifocal origin; paired premature ventricular contractions (couplets); 
and episodes of ventricular tachycardia (persistent ventricular 
tachycardia is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias 
in both digitalized and nondigitalized patients. It is also equally 
effective in treating primary cardiac arrhythmias and those which 
occur in association with organic heart disease including coro- 
nary artery disease. Oral Norpace has not been adequately studied 
in patients with acute myocardial infarction or in patients with 
persistent ventricular tachycardia or atrial arrhythmias and is not 
indicated for arrhythmias due to digitalis intoxication. The value 
of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 


Warnings: Severe hypotension has been observed primarily 
in patients with primary cardiomyopathy or inadequately 
compensated congestive heart failure. If hypotension de- 
velops Norpace should be discontinued promptly unless 
hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly 
compensated or uncompensated congestive heart failure un- 
less it is exacerbated by or caused by an arrhythmia and 
proper treatment including optimal digitalization has been 
accomplished. In patients with marginally compensated heart fail- 
ure or with a history of heart failure, Norpace may worsen cardiac 
decompensation. In these patients, progressing congestive heart 
failure should generally be treated with cardiac glycosides and 
diuretics and the course of treatment closely followed. Norpace 
dosage should be reduced or discontinued if adequate control of 
congestive failure is not attained. Patients receiving concomitant 
therapy with more than one antiarrhythmic drug must be carefully 
monitored for serious negative inotropic effects or excessively pro- 
longed conduction, evidenced by widening of the ORS complex 
and/or prolongation of the Q-T interval. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the block persists, continuation of Norpace 
must depend upon an assessment of the benefit versus the risk. 
Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless the 
ventricular rate is adequately controlled by a pacemaker 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary reten- 
tion, unless adequate overriding measures are taken. 


Precautions: If significant widening (greater than 25%) of the ORS 
complex occurs, Norpace should be discontinued. If O-T prolonga- 
tion greater than 2596 occurs and if ectopy continues, monitor 
closely and consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior 
to Norpace administration to ensure that drug-induced enhance- 
ment of AV conduction does not allow a ventricular rate beyond 
physiologically acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick 
sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of 
Norpace. 

Norpace should be administered cautiously to patients who are 





receiving or who have recently received other antiarrhythmic drugs. 
Excessive widening of the ORS complex and/or prolongation of the 
Q-T interval may occur in such instances. 

Norpace dosage should be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully moni- 
tored for signs of overdosage. 

Antiarrhythmic drugs may.be ineffective in patients with 
hypokalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not 
been established. Norpace has been reported to stimulate contrac- 
tions of the pregnant uterus. The use of Norpace in pregnant 
women requires that the potential benefit be weighed against pos- 
sible hazards to the fetus. 

It is not known whether disopyramide is excreted in human milk. 
However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three times greater in 
milk than in plasma. If use of the drug Is deemed essential, an 
alternate method of infant feeding should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during de- 
livery or on the course of labor and delivery are unknown. 
Pediatrics: The safety and effectiveness of Norpace in children 
have not been established. 


Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose/eyes/throat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: 
nausea, pain/bloating/gas, anorexia, diarrhea, vomiting. General: 
nervousness, dizziness, general fatigue/muscle weakness, 
headache, malaise. Cardiovascular: hypotension, congestive heart 
failure, cardiac conduction disturbances, edema/weight gain, short- 
ness of breath, syncope, chest pain. Dermatologic: generalized 
rash/dermatoses. The following have occurred, but a causal rela- 
tionship is uncertain: impotence, depression, insomnia, dysuria, 
and hypoglycemia (usually in patients with impaired liver function). 
Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported. 


Dosage and Administration: Dosage must be individualized for 
each patient on the basis of response and tolerance. The usual 
adult dosage is 400 to 800 mg per day given in divided doses four 
times daily. The recommended dosage schedule for most adults is 
150 mg every six hours. For patients weighing less than 110 
pounds (50 kg) the recommended dosage is 100 mg every six 
hours. 

If rapid control of arrhythmia is essential.an initial loading dose of 
300 mg of Norpace (200 mg for patients weighing less than 110 
pounds) is recommended. For patients with cardiomyopathy or 
possible cardiac decompensation, a loading dose should not be 
given and the initial dose limited to 100 mg every six hours, with 
subsequent dosage adjustments made gradually under close 
monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of 
disopyramide base. Available in bottles of 100, 500, and 1,000 
capsules, and cartons of 100 unit-dose individually blister-sealed 
capsules. 


References: 1. Doering, W.: Quinidine-Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical 
Implications, N. Engl. J. Med. 30/:400-404, 1979. 2. Leahey, 
E. B., Jr., and others: Serum Digoxin Concentration During 
Administration of Oral Antiarrhythmic Drugs, abstracted, 
Clin. Res. 26:602, 1978. 
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LETTERS TO THE EDITOR 


DEATH AFTER AJMALINE ADMINISTRATION 


Recently we! reported on the use of ajmaline to identify pa- 
tients with the Wolff-Parkinson-White syndrome having a 
short refractory period of the accessory pathway. We indicated 
the possible dangers of the test in patients having conduction 
disturbances over the atrioventricular (A-V) node-His axis. 
Since publication of this article we had a very serious com- 
plication of the ajmaline test resulting in death of the pa- 
tient. 


Case Report 

The patient was an 18 year old white man known to have 
idiopathic hypertrophic subaortic stenosis since the age of 7 
years. The electrocardiogram during sinus rhythm showed a 
P-R interval of 0.12 second and a widened QRS complex (0.14 
second) with a delta wave-like initial slurring of the QRS 
complex in several leads. Cardiac catheterization revealed a 
left-sided peak systolic infundibular gradient of 60 mm Hg 
and a right-sided peak systolic infundibular gradient of 60 mm 
Hg. A left ventriculogram disclosed the typical findings of a 
subaortic obstructive hypertrophic stenosis. The coronary 
angiograms were normal. 

During the electrophysiologic study, the His bundle elec- 
trogram was found to be located in the initial part of the 
ventricular electrogram. During single test stimulation of the 
atrium the mode of increase in A-V conduction and the be- 
havior of the time relation between the His bundle electro- 
gram and the QRS complex suggested the presence of a Ma- 
haim fiber. During pacing of the right atrium at increasing 
rates a sudden change into exclusive conduction over the A-V 
node-His axis occurred during pacing at a rate of 180/min. 
This was followed by the development of ventricular tachy- 
cardia, which deteriorated within seconds into ventricular 
fibrillation. The patient was defibrillated uneventfully. 

'To obtain information on the effect of pharmacologic in- 
tervention on the refractory period of the unusual accessory 
pathway of the patient, and in view of future management, 50 
mg of ajmaline was injected over a 5 minute period. This was 
done in the coronary care unit 3 hours after the previous study 
was terminated. Immediately after the end of the intravenous 
injection of ajmaline a sinus rhythm of 90/min was replaced 
by a ventricular tachycardia rapidly deteriorating into ven- 
tricular fibrillation. Efforts to resuscitate the patient were 
unsuccessful, and he was pronounced dead 3 hours later. 

Although we intend to report this case in detail we believe 
that we must report this dismal outcome of the ajmaline test 
to the readers of this Journal as soon as possible. We had 
previously given ajmaline intravenously to more than 200 
patients without ever inducing a ventricular arrhythmia. 
Among them were seven patients with a cardiomyopathy, four 
having the obstructive variety of the idiopathic hypertrophic 
subaortic stenosis. 

In light of this experience we now obtain an echocardiogram 
before performing the ajmaline test in patients with preexci- 
tation. Possibly in our patient the conduction-delaying and 
slightly negative inotropic action of ajmaline in the setting of 
idiopathic hypertrophic subaortic stenosis initiated a ven- 
tricular arrhythmia that resulted in the catastrophic sequence 
of events. We consider it our duty to report our experience to 
you and to warn your readers of a possibly dramatic and highly 





unwanted complication of ajmaline in patients suffering from 
a cardiomyopathy with outflow obstruction. 
Hein J. J. Wellens, MD, FACC 


Frits W. Bar, MD 
Edgar J. Vanagt, MD 


Department of Cardiology 

University of Limburg 

Annadal Hospital 

Maastricht 

The Netherlands 
Reference 


1. Wellens HJJ, Bar FW, Gorgels AP, Vanagt EJ. Use of ajmaline in patients with the 
Wolff-Parkinson-White syndrome to disclose short refractory period o* the accessory 
pathway. Am J Cardiol 1980; 45:130-3. 


ESTIMATION OF SINOATRIAL CONDUCTION TIME 


Breithardt and Seipel! very objectively contemplate several 
hypotheses in order to explain the differences between the two 
methods of estimating sinoatrial conduction time. We would 
like to add some personal tentative explanations. 

During continuous atrial pacing, the first of the nine paced 
beats randomly captures the atrium at any moment between 
the end of its refractory period and the end of atrial diastole. 
In other words, it can be as well an early as a late atrial ex- 
trasystole. Taking this fact into account, and also the differ- 
ence between the spontaneous cycle length and the pacing 
cycle (cycle length 1), one can assume that a variable number, 
or none at all, of the nine paced beats will reset the sinus node 
during a given test. This could explain why there is such an 
important standard deviation for sinoatrial conduction time 
estimated with continuous atrial pacing (their Table III) not 
only for the whole group of patients, but also in individual 
cases. In contrast, current clinical experience with Strauss's 
method shows that a given percentage of prematurity (A;- 
A»/A1-A1) in the late plateau zone corresponds to a practically 
invariable return cycle (Ao-A3/A,-A,). 

At any rate, Breithardt and Seipel themselves assume that 
"the sinus node is captured by the last paced beats" in the 
continuous pacing method. Why, then, assume that the sinus 
node would be less depressed by one or more captures during 
continuous pacing than by unique capture in the late plateau 
zone of Strauss's method? Not surprisingly, the values for 
sinoatrial conduction time derived from continuous pacing 
at a slightly shorter cycle length (cycle length 2) are very close 
to the results of Strauss's method in the same group of pa- 
tients, and disclose a much narrower standard deviation. 
Wouldn't this mean that pacing at cycle length 2 systemati- 
cally captures the sinus node in every patient? 


Philippe L. Schoenfeld, MD 
Marianne Ewalenko, MD 
Robert A. Faniel, MD 
Coronary Care Unit 

Ixelles Hospital 

Brussels, Belgium 


Reference 


1. Breithardt G, Seipel L. Comparative study of two methods of estimating sinoatrial 
conduction time in man. Am J Cardiol 1978; 42:965-72. 
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REPLY 


In our recent paper, we were well aware that the sinus node 
might not be captured by the last paced atrial beats. There- 
fore, we noted that one possibility for the difference between 
the two techniques is “that the sinus node is not discharged 
during the short period of atrial pacing because of the slow 
rate." However, we thought that we could exclude this possi- 
bility at least partially because we would have expected “the 
length of the first cycle after pacing to vary randomly to a great 
extent," that is, to a far greater extent than occurred in our 
study. There seems to be no fundamental difference between 
these statements and the suggestions made by Schoenfeld and 
associates. However, we were not able to give a conclusive 
answer from our clinical data. 

The second point raised is closely related to the first. Of 
course, one cannot ignore the possibility that both continuous 
atrial pacing and premature stimulation have a depressant 
effect on sinus nodal automaticity. With regard to continuous 
pacing, it is generally accepted that the extent of sinus nodal 
depression depends on the rate and duration of pacing. The 
atria were paced at a basic rate that was only 3 beats/min 
faster than the spontaneous discharge rate of the sinus node, 
which would lead to less severe depression than pacing at a 
much higher rate. In terms of prematurity, a beat during 
continuous pacing at a rate that is 3 beats/min greater than 
the spontaneous rhythm occurs much later than a premature 
beat in the late plateau zone of Strauss's method that resets 
the sinus node. We therefore assumed that the sinus node 
might be less depressed by one or more captures during con- 
tinuous pacing than by one unique capture in the late plateau 
zone of Strauss's method. Obviously, there might be other 
explanations for the differences in the results of the two 
methods. Our final conclusion was that which method of es- 
timating sinoatrial conduction time is correct wil] not be 
known “until the problems encountered have been studied 
experimentally." These studies are in progress and will 
probably give some conclusive answer to the problem of which 
rate and duration of pacing should be used to obtain the best 
results. 


Günter Breithardt, MD 
Ludger Seipel, MD 
Medical Hospital B 
University of Düsseldorf 
Düsseldorf, West Germany 


THIRD HEART SOUND IN RIGHT VENTRICULAR 
INFARCTION AND CONSTRICTIVE 
PERICARDIAL DISEASE 


"Right ventricular infarction" by Lorell and colleagues! is 
an excellent contribution to the understanding of this in- 
creasingly recognized condition, particularly those cases with 
hemodynamic and clinical similarities to constrictive peri- 
carditis. Although these investigators found an incorrect di- 
agnosis of acute cardiac tamponade to be common (4 of 12 
patients), this has not been everyone's experience, but may 
be related to the referral nature of their service. The authors 
report their detailed clinical attention to Kussmaul's sign and 
pulsus paradoxus, yet conspicuous by its absence is any 
mention of a third heart sound. 

Frequent auscultation is routine in acute infarction and 
some consideration of an abnormal third heart sound would 
be crucial in considering the possibility of tamponading or 
constricting pericardial disease. Thus, it is inconceivable that 


the presence or absence of a third heart sound was not noted, 
even in a retrospective study. The third sound is much more 
readily detected than is a verifiable Kussmaul's sign and its 
omission from consideration here is curious. An abnormal 
early third heart sound is characteristic of most restrictive 
physiology. It appears early in most instances of ventricular 
failure and is a necessary element for a clinical inference of 
pericardial constriction. By contrast, its absence is equally 
characteristic of uncomplicated tamponade. It would be 
helpful if the authors would report the incidence of abnormal 
third heart sounds in their patients and whether these were 
helpful, useless or a confounding factor (owing to myocardial 
failure) in distinguishing right ventricular infarction from the 
two pericardial conditions to which they report its resem- 
blance. 

David H. Spodick, MD, DSc, FACC 

Department of Medicine 

University of Massachusetts 

Medical School 

and 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 


Reference 
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REPLY 


A third heart sound was noted in the physical examination of 
3 of the 12 patients in our series, but its presence or absence 
was not adequately documented in the remainder to warrant 
any conclusion regarding the incidence of a third heart sound 
in patients with right ventricular infarction. Furthermore, 
since the original manuscript was prepared, we have examined 
several patients for a right ventricular third heart sound. We 
have found this to be a very inconstant finding. However, we 
concur that the presence of a third heart sound in the setting 
of predominant right-sided heart failure with acute myocar- 
dial infarction would be helpful in supporting a diagnosis of 
right ventricular infarction with constrictive physiology rather 
than acute cardiac tamponade. 

Beverly Lorell, MD 

Roman W. DeSanctis, MD 

Massachusetts General Hospital 

Boston, Massachusetts 


PARADOXIC SEPTAL MOTION IN RIGHT 
VENTRICULAR INFARCTION 


Lorell et al.! described an abnormal systolic anterior septal 
motion in two patients with right ventricular infarction. We 
recently studied echocardiographically two patients with right 
ventricular infarction diagnosed by typical clinical, electro- 
cardiographic and hemodynamic findings. The echocardio- 
graphic findings are demonstrated in Figures 1 and 2. In ad- 
dition to enlargement of right ventricular cavity and the right 
ventricular/left ventricular minor axis ratio, both patients 
demonstrated paradoxic septal motion. 

There are two mechanisms that could explain abnormal 
motion of the septum in right ventricular infarction: (1) in- 
volvement of the septum in the ischemic process, and (2) right 
ventricular overload. Abnormal septal motion has been found 
to be associated with disease of the left anterior descending 
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coronary artery.? Although myocardial infarction involving 
the right ventricle is usually associated with occlusion of the 
main right coronary artery, it is often accompanied by sig- 
nificant disease in the left coronary artery as well.” Septal 
involvement was reported by Sharpe et al.* in six patients in 
whom scintigraphy provided direct anatomic evidence of right 
ventricular infarction. 
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FIGURE 1. A sweep from the level of the mitral valve (MV) to the level of the chordae ten- 
dinae demonstrates enlargement of the right ventricular/left ventricular ratio and paradoxic 
movement of the interventricular septum (IVS) in a 65 year old patient with right ventricular 
infarction. CW = chest wall; ECG = electrocardiogram; LVPW = left ventricular posterior 
wall; RV = right ventricular cavity. 





FIGURE 2. Echocardiogram in a 40 year old patient with right ventricular infarction. LV = 
left ventricular cavity; RVAW = right ventricular anterior wall; SGC = Swan-Ganz catheter; 
other abbreviations as in Figure 1. 
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Abnormal septal motion accompanied by increased right 
ventricular dimensions are also considered hallmarks of right 
ventricular volume overload. It therefore seems, reasonable 
to conclude that right ventricular overload secondary to failure 
of contraction also contributes to the paradoxic septal motion 
in patients with right ventricular infarction. 


Uri Elkayam, MD 

The Department of Medicine 
Division of Cardiology 
Cedars-Sinai Medical Center 
Los Angeles, California 
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NONINVASIVE INDUCTION OF EXTRASYSTOLE IN 
DIAGNOSIS OF IDIOPATHIC HYPERTROPHIC 
SUBAORTIC STENOSIS 


The recent article by Angoff et al.? states that "systolic an- 
terior motion of the mitral valve in the absence of obstruction 
at catheterization has been reported in congenital heart dis- 
ease, right ventricular hypertrophy and coronary artery dis- 
ease." This statement is not entirely correct and the references 
have been erroneously quoted.?-4 The conditions mentioned 
are frequently associated with asymmetric septal hypertrophy 
and only rarely with systolic anterior motion of the mitral 
valve. 

Systolic anterior motion (SAM) of the mitral valve—ap- 
parent or real—may, however, be detected in the absence of 
outflow tract obstruction at catheterization when there is 
exaggerated motion of the posterior wall, which in turn causes 
exaggerated systolic motion of the mitral valve, as noted in 
volume overload of the right ventricle? and with left ventric- 
ular aneurysm. It has been noted after cardiac surgery (often 
of the aortic valve), in dextroposition of the great vessels with 
subpulmonary obstruction? and in membranous subaortic 
stenosis.? 

An apparent systolic anterior motion of the mitral valve is 
often noted in patients with concentric hypertrophy of the left 
ventricle where the anteriorly moving hypertrophied papillary 
muscles and echoes from the chordae and the mitral valve 
together give the impression of systolic anterior motion. 

A “pseudo” systolic anterior motion of the mitral valve is 
seen in pericardial effusion? and with prolapse of the mitral 
valve.!° We have observed systolic anterior motion of the 
mitral valve frequently in normal hearts when the transducer 
angulation is somewhat medial and the echoes in the region 
of the mitral valve during systole actually represent the left 
ventricular endocardial echoes. 

Systolic anterior motion of the mitral valve is nonspecific 
for idiopathic hypertrophic subaortic stenosis and it is often 
observed in conditions with a small vigorously contracting 
ventricular cavity. It has been observed in normal hearts 
during hypovolemia and heightened adrenergic states.!! In- 
duction of ventricular extrasystole by any method—invasive 
or noninvasive— causes postextrasystolic potentiation of 
myocardial contractility. Hence, systolic anterior motion of 
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the mitral valve can be detected in the absence of idiopathic 
hypertrophic subaortic stenosis, when a vigorous contraction 
follows an extrasystole. It is our opinion that systolic anterior 
motion alone—before or after extrasystole—is not sufficient 
for the diagnosis of the genetically determined cardiomyop- 
athy in the absence of asymmetric septal thickening or mid 
systolic closure of the aortic valve. We suggest the demon- 
stration of outflow tract obstruction on cross-sectional echo- 
cardiography as an alternative to the M mode method. 


Siddharth K. Bhansali, MD 

Raja W. Dhurandhar, MD, FACC 
Touro Infirmary 

New Orleans, Louisiana 
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Bhansali and Dhurandhar point out, as did we, that there are 
problems in attaching significance to asymmetric septal hy- 
pertrophy and systolic anterior motion, and indeed their 
concern prompted our study. We feel the value of our meth- 
odology as stressed in the article is in the use of simultaneous 
phonocardiographic and carotid pulse recording with the 
echocardiogram during induced ventricular extrasystole. 
Changes in murmur and carotid tracing allow determination 
of the physiologic consequences of the systolic anterior motion 
and, when this information is considered, systolic anterior 
motion of the valve that does not produce obstruction can be 
detected. Our methodology can separate true outflow tract 
obstruction from the false. Its advantage is in combining an- 
atomic and physiologic information dynamically derived 
during an intervention producing a known hemodynamic ef- 
fect, the induction of an extrasystole. Even cross-sectional 
echocardiography mentioned by the writers as an alternative 
needs its physiologic correlate for ideal interpretation. As we 
emphasized, we sought to use combinations of noninvasive 
methods, rather than rely on a single test. We do note with 
appreciation that in our discussion the correct quoting of re- 
ferenced articles should have been that "asymmetric septal 
hypertrophy has been reported in congenital heart disease, 
right ventricular hypertrophy and coronary artery disease" 
(their References 2-4). 
Peter F. Cohn, MD, FACC 
Department of Medicine 
Cardiovascular Division 
Harvard Medical School 
Peter Bent Brigham Hospital 
Boston. Massachusetts 


ECHOCARDIOGRAM IN PORCINE MITRAL 
VALVE DYSFUNCTION 


Alam et al.! report observations of fuzzy, crisp echoes with 
fluttering of the cusps in systole and diastole, or both, to be 
diagnostic of a torn or flail mitral porcine cusp. This was an 
important major M mode feature of the prosthetic regurgi- 
tation in the mitral position. It was also noted that with aortic 
regurgitation, a normal functioning porcine mitral valve may 
exhibit diastolic fluttering. We have observed diastolic flut- 
tering of the cusps of the mitral porcine heterograft in a pa- 
tient who was found to have normal cusps and no aortic in- 
sufficiency, but a paravalvular leak that produced gross mitral 
insufficiency. The M mode echocardiogram showed a fine 
fluttering of one of the cusps interspersed with the strut echoes 
(Fig. 1). This showed a “hair on end” appearance. We theorize 
that there may be a diastolic stream of blood entering the left 
ventricle though the paravalvular dehiscence area as well as 
through the normal heterograft orifice. If one of the cusps were 
caught between these two streams it might fluff like a sail and 
show fine fluttering during diastole. Thus, paravalvular leak 
should also be included in the differential diagnosis of diastolic 
fluttering of a mitral porcine heterograft. 

Eric E. Harrison, MD, FACC 

Sheldon Sbar, MD, FACC 

Edward Spoto, Jr., MD, FACC 

Pamela Clark 

The Cardiology Center 

Tampa General Hospital 

Davis Islands 

Tampa, Florida 
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We agree that the recordings of Harrison et al. are similar to 
those we have reported with torn and flail porcine valve in the 
mitral position. The porcine cusp echoes are also slightly in- 
creased in their echocardiographic study. In our experience, 
diastolic fluttering of the cusps, particularly if accompanied 
by systolic fluttering and thickened cusp echoes, is suggestive 
of torn and flail porcine cusps in the mitral position. Since our 
initial report of five patients, we have observed four additional 
patients with systolic or diastolic fluttering, or both, of the 





FIGURE 1. M mode echocardiogram. 
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porcine cusps in the mitral position. Gross examination of the 
valve in all of these patients revealed a tear in one or more 
porcine cusps resulting in severe valve insufficiency. 
Harrison et al. did not state how the valves were determined 

to be normal, whether at surgery or necrospy. Diastolic flut- 
tering of the porcine mitral valve has been reported in native 
aortic valve insufficiency.! We have observed a somewhat 
coarser diastolic flutter of the porcine mitral valve in the pa- 
tient with atrial flutter-fibrillation. Diastolic fluttering of the 
cusps in patients with paravalvular mitral insufficiency as 
postulated by Harrison et al. may be possible, although the- 
oretically, the paravalve jet of blood would have to be angu- 
lated in such a way as to strike the open porcine cusps. This 
may be one reason why we did not observe diastolic fluttering 
of the porcine cusps in two additional patients with paraval- 
vular porcine mitral insufficiency.? 

Mohsin Alam, MD, FACC 

Sidney Goldstein, MD, FACC 

Division of Cardiovascular Diseases 

Henry Ford Hospital 

Detroit, Michigan 
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DIRECT CURRENT SHOCK AND 
TRANSCARDIAC IMPEDANCE 


The observation of Doherty et al.! that the defibrillation 
shocks increased myocardial temperature may explain our 
observation that myocardial damage was much more severe 
when shocks were delivered by means of chest electrodes at 
frequent intervals than when shocks of the same energy were 
delivered by the same technique but at longer intervals.” The 
shocks delivered at more frequent time intervals may not have 
allowed myocardial temperature to return to normal. 
Unfortunately, Doherty et al.! did not measure the trans- 
cardiac impedance during direct current countershock. Our 
studies have suggested that the factors that decrease imped- 
ance to direct current transchest discharge decrease cardiac 
damage, whereas the factors that increase transthoracic im- 
pedance increase damage.?-* These observations are consis- 
tent with the hypothesis that if the mechanism of damage is 
related to heat production at any given energy discharged, the 
amount of heat produced would relate to the impedance. The 
higher the impedance, the more heat production. Thus, their 
observation that shocks delivered without a saline-soaked 


Defibrillator Dial Setting 
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FIGURE 1. Example of increasing resistance with decreasing delivered peak current. 


gauze pad interface caused more damage probably relates to 


a difference in impedance. Our studies* have shown that 
transthoracic impedance to direct current defibrillation dis- 
charge is greater with bare electrodes than with electrodes 
used with saline-soaked gauze pads. 

There have been several observations which indicate that 
it is the current that defibrillates and not the total energy.9 
As shown in Figure 1, as the impedance is increased, the 
voltage increases and the peak current decreases. ‘Thus, in- 


creasing impedance between the electrode and the heart not 


only increases damage, but also decreases defibrillation ef- 
fectiveness. The interface used between the defibrillator 
electrodes and the subject is thus very important. Unfortu- 
nately, there are several gels and disposable pads on the 
market that do not offer optimal impedance to transthoracic 
discharge.75 We call the clinician's attention to the importance 
of carefully selecting the appropriate gel when defibril- 
lating. 


Gordon A. Ewy, MD, FACC 
Diagnostic Cardiology 


Charles F. Dahl, MD 
Department of Medicine 


The University of Arizona 
Health Sciences Center 
Tucson, Arizona 
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We are aware of the considerable work of Ewy and associates 
relating myocardial damage with direct current shock to levels 
of transthoracic impedance. Our studies do not contradict 
their work, although we do not know whether direct current 
shock to the myocardium produces damage by alterations in 
transmyocardial impedance. The suggestion made by Ewy and 
Dahl to explain our observations that there is increased 
temperature produced by different energy levels and timing 
of the direct current shock is an attractive hypothesis. We 
agree with their general supposition and would support their 
recommendations regarding the interface between electrodes 
and the heart when applying direct current shock to the 
myocardium. 

Donald C. Harrison, MD, FACC 

Division of Cardiology 

Stanford University School of Medicine 

Stanford, California 


Paul W. Doherty, MD 
Department of Nuclear Medicine 
University of Massachusetts 
School of Medicine 

Boston, Massachusetts 
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CORONARY VASOSPASM AND THE 
CORONARY ARTERIOGRAPHER 


It is becoming increasingly clear that vasospasm of the coro- 
nary arteries is a major cause of variant angina and plays a 
significant role in the genesis of ischemic coronary syndromes.! 
However, its exact role and contribution in each individual 
case remains to be elucidated fully. Because of the recent in- 
terest in coronary spasm,!-? we report our experience with 
unprovoked spasm in 407 consecutive patients evaluated in 
our catheterization laboratory for coronary artery disease since 
July 1976. As a general policy we do not administer premed- 
ication with atropine or nitrates to our patients before angi- 
ographic study. Our criteria for vasospasm included demon- 
strable transient S-T segment elevation with typical chest pain 
or arteriographic visualization of reversible vasospastic seg- 
mental or total obstruction of a coronary artery remote from 
the catheter tip. Nine patients were identified who met our 
criteria for coronary vasospasm, an incidence rate of 2.2 per- 
cent. 

Table I summarizes the clinical data on these patients. 
Seven (76 percent) had fixed obstructive disease of two or 
more vessels. Follow-up study revealed progressive coronary 
events in five (71 percent) of those with fixed obstructive 
disease. An acute myocardial infarction developed in two 
patients, 1 and 13 months, respectively? after catheterization. 
Increasing angina developed in two (in one after aortocoronary 
bypass surgery), and death occurred after bypass surgery in 
one patient (Case 1) who had exercise-induced S- T segment 
elevation, normal angiographic left ventricular function and 
proximal three vessel disease. 

The two patients with normal anatomy followed up for 18 


TABLE | 
Data on Nine Patients With Coronary Spasm 


Angina 
Case Age (yr) R E ECG S-T 
1 54 + + WNL Vo-Vs 
2 40 + T Inferior V4- Veg 
MI 
3 54 T + WNL Hw, aVF 
4* 51 + + LVH 
5 57 4+ T WNL I 
6 50 + + Anterior 
Ischemia 
7 56 + T Inferior V4 
47 + -— WNL Vo-V4 
32 + Anterior Il 
Ischemia 


a 


and 24 months, respectively, had decreasing episodes of chest 
pain. These data emphasize the ominous prognosis of pa- 
tients with chest pain and demonstrable S-T segment eleva- 
tion in association with fixed obstructive disease even after 
coronary bypass surgery. Chahine et al.4 reviewed 274 angio- 
grams and found coronary spasm (noncatheter tip-induced) 
in three cases (1.1 percent). Our 2.2 percent incidence rate of 
spontaneous vasospasm would undoubtedly increase if all 
episodes of chest pain were recorded electrocardiographically 
or routine performance of ergonovine tests or other provoca- 
tive angiographic techniques were utilized during catheter- 
ization. These procedures would surely identify another 
subgroup of patients with ischemic heart disease who may 
require intensive management with potent vasodilator drugs 
other than nitrates such as the calcium antagonists or platelet 
inhibitors. Furthermore, those who are referred for surgery 
from this group may require management with these agents 
before, during and after operation to avoid perioperative 
vasospasm that could result in recurrent angina or myocardial 
infarction, ventricular arrhythmias, secondary occlusion of 
the bypass graft or death. The unjformly poor results of sur- 
gery in patients with vasospasm an fixed obstructive disease 
have recently been discussed.° 

The coronary arteriographer of the future will be needed 
to attend to more than just the technical aspects of angio- 
graphic visualization of normal or diseased coronary vessels. 
The avoidance of premedications (nitrates or atropine, for 
example) that may mask the development of spasm and the 
monitoring of multiple electrocardiographic leads during 
coronary angiography have increased the emergence and 
recognition of spontaneous vasospasm. The angiographer is 
becoming a “coronary physiologist” and not only must per- 


Cardiac Catheterization 
EMI Vot a tane Rif PTS AL 


Coronary 
Arteriogram Spasm Follow-Up 
LAD 90% Died post A-C bypass surgery 
LCx 90% 
RCA 90% 
LAD 90% ae Anterior MI 1 mo post catheter- 
LCx 90% ization 
RCA 100% 
LAD 60% Stable 24 mo 
RCA 60% 
LAD 90% RCA 100% Persistent angina 
LCx 90% 
RCA 90% 
RCA 90% Inferior MI 13 mo after 
LCx 90% catheterization 
LAD 90% LAD 100% Persistent severe angina post 
LCx 60% A-C bypass surgery 
RCA 100% LAD 100% Stable 
LCx 90% 
LAD 50% 
WNL i$ Decreasing pain 
WNL Segmental Decreasing pain 


RCA 90% 





* Patient has hypertrophic obstructive cardiomyopathy. 


A-C = aortocoronary bypass surgery; E = on exertion; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; 
LVH = left ventricular hypertrophy; MI = myocardial infarction; R = at rest; RCA = right coronary artery; WNL = within normal limits; + = 
1 


present. 
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form safe studies of good quality, but also must aid in precisely 
defining the dynamics of the coronary vasculature whether 
they are normal or obstructed with or without secondary 
vasospasm. ‘I'his in conjunction with use of precatheterization 
noninvasive data, including results of maximal treadmill 
testing with thallium-201 scintigraphy, will precisely define 
not only the presence or absence of coronary artery disease, 
but also the exact pathophysiologic significance of the lesion 
in each vessel. The view that the natural history of coronary 
artery disease is related only to the number of stenosed vessels 
and the state of the left ventricular myocardium is an over- 
simplification. Most patients enter such studies at a period 
in their coronary history defined only by symptoms. The vast 
majority of severe arteriosclerotic disease is clinically unde- 
tected and its natural history is yet to be elucidated. Unfor- 
tunately, even with the performance of more than 200,000 
coronary angiograms and more than 75,000 aortocoronary 
bypass operations yearly in the United States, we are just 
beginning to achieve some understanding of ischemic heart 
disease. 


Richard K. Mautner, MD, FACC 
Assistant Professor of Medicine 


John H. Phillips, MD, FACC 
Professor of Medicine 
Chief, Cardiology Section 


Tulane Medical Center 
New Orleans, Louisiana 
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Mautner and Phillips report their experience of a 2.2 percent 
incidence rate of angiographically demonstrated coronary 
spasm in a consecutive series of 407 patients during the cor- 
onary arteriographic study. They suggest that this percentage 
might increase if all episodes of chest pain were investigated 
and if provocative tests were more extensively used. 

Their thesis that the coronary arteriographer is becoming 
a “coronary physiologist” should be expanded to include 
under this label all physicians required to diagnose and cure 
the patient. Recent observations!” are leading us to reconsider 
the traditional notion that an increase in myocardial demand 
in the presence of stenosis is the only respectable cause of 
angina pectoris. We believe that modulatory factors, such as 
coronary vasospasm, superimposed on a variable degree of 
coronary atherosclerosis, play an important role in the genesis 
of the clinical manifestations of ischemic heart disease. When 
evaluating a patient with ischemic heart disease in our daily 
practice, one should try to establish facts rather than interpret 
the patient’s symptoms according to preconceived ideas. In 
this age, in the absence of documentation, to attribute the 
variable threshold of angina to a variable level of myocardial 
demand for the same heart work appears as arbitrary as at- 
tributing it to a reduction in coronary blood supply. Fur- 
thermore, one should consider the possibility that the same 


causes that may produce angina in the absence of coronary 
stenoses (on which to put the blame) may also be responsible 
for angina in patients who happen to have fixed coronary le- 
sions. 

The following key facts should always be kept in mind: 

1. Patients with angina at rest, when objectively questioned 
and tested, only infrequently have a coronary flow reserve that 
is so severely compromised that it is easily exceeded by any 
minimal increase in demand. 

2. Variant angina, a reasonable landmark of vasospastic 
myocardial ischemia, is not rare when it is carefully searched 
for.? 

3. Nonocclusive spasm, spasm of small branches or even 
normal vasomotion at the site of subcritical organic stenosis 
with preexisting collateral vessels may result in S- T segment 
depression or normalization of inverted T waves rather than 
elevation of the S- T segment.^^ 

4. Vasospasm has been documented during stress testing? 
and coronary vasoconstriction during cold stimulation.’ 

5. Patients with so-called stable angina often manifest 
transient ischemic episodes at levels of heart work consider- 
ably lower than those required to induce ischemic signs during 
stress testing.® 

Finally, although vasoconstriction and a sudden increase 
in demand, in the presence of a critical stenosis, are the only 
mechanisms of acute transient myocardial ischemia thus far 
demonstrated, other causes may be found if appropriately 
searched for. In the meantime for the practical management 
of anginal patients, we have proposed a provisional pathoge- 
netic classification into primary and secondary angina??? that 
should provide more rational guidelines than the clinical- 
prognostic categories of stable and unstable angina. In fact, 
a traditional diagnostic and therapeutic approach is suitable 
only for anginal attacks secondary to increased demands 
beyond the possibility of supply, restricted by organic stenosis. 
Specific management is required for patients in whom angina 
is not secondary but “primary” (a term borrowed from other 
fields of medicine and meant to reflect our present ignorance 
about its causes). Vasospasm, the only cause of “primary” 
angina so far convincingly demonstrated!!!” generally appears 
to respond remarkably well to large doses of nitrates and 
calcium antagonists!?!4; in the few patients who respond 
poorly other pathogenetic mechanisms may be suspected. 
Moreover, it is conceivable that the effects of these modula- 
tory factors, such as coronary vasomotoricity, responsible for 
some of the clinical manifestations of ischemic heart diseases 
will be more devastating in the presence of severe coronary 
atherosclerosis. Therefore, coronary bypass surgery may 
represent a more rational form of associated preventive 
treatment than specific medical therapy for those patients in 
whom it has been clearly shown to improve prognosis. 


Attilio Maseri, MD, FACC 

Sir John McMichael 

Professor of Cardiovascular Medicine 
Royal Postgraduate Medical School 
Hammersmith Hospital 

London, England 


Antonio L'Abbate, MD 
Associate Professor of Medicine 
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CORONARY ANATOMY IN POSTPARTUM ACUTE 
MYOCARDIAL INFARCTION 


The report by Beary et al.! of postpartum acute myocardial 
infarction noted that coronary anatomy has been defined in 
only five reported cases. Within the past year a similar patient 
was fully evaluated here. 

Case report: Nine weeks postpartum, this 25 year old 
woman presented with chest pain on July 20, 1978. On May 
16, 1978, she had completed her second uncomplicated term 
pregnancy, without history of toxemia. Early in J uly she began 
to experience aching pain in the mid anterior chest which 
tended to worsen with activity. Two days before admission an 
episode of increased pain resolved with rest. On the day of 
admission the same pain was present for an hour before she 
felt weak and lost consciousness for at least a few minutes. She 
has never smoked and had used birth control pills for only 2 
years about 5 years before this illness. There is no family 
history of coronary disease. 

On examination, she weighed 50 kg and was 150 cm tall. 
Blood pressure was 110/80 mm Hg. There was no abnormality 
on physical examination. The initial electrocardiogram 
showed QS complexes in leads V, to V and S-T elevation in 
leads V, to V4. The electrocardiographic series showed QS 
complexes in leads V; to V3, progressive decrease in the S- T 
elevation and gradual T wave inversion. Serum enzyme series 
showed the characteristic rise and fall of values of all three 
enzymes with peak values of each on July 21, about 24 hours 
after admission (creatine kinase 581 units, glutamic oxalo- 
acetic transamine 105 units and lactic dehydrogenase 1,004 
units). Hemoglobin was 12.9 g/100 ml. Cholesterol was 189 
mg/100 ml and triglycerides 81 mg/100 ml. 

At cardiac catheterization 3 months later, left ventricular 
end-diastolic pressure was at low normal levels before and 
after injection of contrast medium (3 and 1 mm, respectively). 
Left ventricular contractility was normal except for minor 
reduction of anterior wall motion. The end-diastolic and 
end-systolic volumes and ejection fraction were normal. 

Coronary angiography revealed a pattern of balanced 
coronary distribution to the inferior surface. The left anterior 
descending artery divided early into a large diagonal branch 
and a slender distal anterior descending artery, but there was 
no evidence of abnormality. The entire coronary angiogram 
was normal. 

Comment: The angiographic study would seem to exclude 
atherosclerosis, dissection? and congenital abnormality. The 


pattern of preinfarction symptoms would tend to exclude a 
single event such as embolism. The best explanation would 
seem to be coronary spasm, occurring under a variety of hu- 
moral and autonomic factors. Although the prognosis in such 
cases is unknown, I agree with the prognostic optimism ex- 
pressed by Beary et al. 

G. Noel Chant, MD, FRCP(C), FACC 

Consultant Cardiologist, Royal Jubilee Hospital 

Victoria, British Columbia, Canada 
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REPLY 


Chant describes another patient with acute myocardial in- 
farction in the postpartum period. This patient is somewhat 
unusual in that the infarct occurred 9 weeks postpartum as 
opposed to previously reported cases in which the longest 
postpartum interval was 17 days. Nevertheless, here again is 
infarction with normal corotiary arteries in a young woman, 
an entity that remains elusive regarding etiology and that il- 
lustrates the variety and complexity of ischemic heart disease 
in women. ; 

Bernadine H. Bulkley, MD, FACC 

Warren R. Summer, MD 

John F. Beary, MD 

The Johns Hopkins Medical Institutions 

Baltimore, Maryland 


ABNORMAL THALLIUM-201 MYOCARDIAL IMAGES IN 
PATIENTS WITH CHEST PAIN AND NORMAL 
CORONARY ARTERIOGRAMS 


Meller and colleagues! recently reported that thallium-201 
myocardial imaging was more reliable than clinical features, 
resting and stress electrocardiography or echocardiography 
in excluding coronary artery disease in a group of patients with 
chest pain and normal coronary arteriograms. However, in 
common with findings in several other series on thallium-201 
imaging,?-? they found that a small proportion of such patients 
had “false positive" studies, that is, abnormal images in the 
absence of angiographically evident occlusive coronary artery 
disease. In discussing this subgroup, they consider various 
possible explanations including field nonuniformity, the 
nonhomogeneity of tracer uptake seen in some normal per- 
sons and mechanisms by which myocardial perfusion might 
be deranged without fixed coronary stenosis. They do not fully 
consider a further possibility, namely, that myocardial uptake 
of the radionuclide might be reduced by some pathophysio- 
logic mechanism other than abnormal myocardial perfusion. 
This is perhaps related to the fact that they consider studies 
with thallium-201 to be “myocardial perfusion imaging." 
The accumulation of thallium-201 by the myocardium de- 
pends both on myocardial perfusion and on trapping of the 
radionuclide by the myocardial cell. The latter mechanism is 
a function of cell metabolism and probably utilizes the 
adenosine triphosphatase-dependent sodium-potassium 
pump,?? although there is some evidence that the pathway 
for thallium may not be identical to that for potassium.? Ex- 
perimental work in animals using dual studies with krypton- 
81m and thallium-201!? has suggested that reduced myocar- 
dial perfusion produces thallium-201 image defects only when 
there is evidence of myocardial ischemia, that is, abnormal cell 
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metabolism. In conditions other than coronary artery disease, 
it is possible that cell function might be disordered without 
any alteration in myocardial perfusion and that this might 
result in an abnormal myocardial image. 

When considering the implications of thallium-201 studies 
it is essential to remember that the myocardial image obtained 
reflects both myocardial perfusion and myocardial cell func- 
tion. The term “myocardial perfusion imaging" is therefore 
not completely accurate and is potentially misleading. I sub- 
mit that myocardial imaging is a preferable nomenclature. 


James H. McKillop, MB, MRCP (UK) 
Stanford University School of Medicine 
Stanford, California 
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REPLY 


McKillop is correct in a puristic sense in suggesting the use 
of the term “myocardial imaging" as opposed to “myocardial 


perfusion imaging" for images of the heart obtained with 
thallium-201. The uptake of ionic tracers like potassium-43 
and thallium-201 is, of course, dependent on the blood flow 
to the area of interest and the specific uptake mechanism in- 
volved, in contrast to the appearance and washout of non- 
diffusible tracers like xenon-133 and krypton-85, which can 
more correctly be called perfusion indicators. However, for 
most purposes, this differentiation appears to be a distraction 
since there is abundant data to support the assumption that 
thallium-201 images represent the relative regional distri- 
bution of perfusion. Strauss et al.! evaluated the regional 
distribution of thallium-201 in animals under conditions of 
partial and total occlusion, as well as during reactive hyper- 
emia, and found excellent correlation with microsphere dis- 
tribution. Hamilton et al? demonstrated that digoxin (a 
specific inhibitor of the sodium-potassium adenosine tri- 
phosphatase pump) had no effect on the myocardial extrac- 
tion of thallium-201 at normal flow rates. Dipyridamole, a 
coronary vasodilator in doses shown to increase blood flow 
three to four times that of resting levels increases thallium 
uptake, although not in a linear manner. 

Thus, although the cellular uptake of ionic tracers is de- 
pendent on a specific metabolic process, alterations in myo- 
cardial perfusion appear to be the predominant determinant 
of thallium-201 distribution in clinical and in vivo experi- 
mental situations. 


Stanley J. Goldsmith, MD, FACC 
Jose Meller, MD, FACC 
Cardiology Division 

The Mount Sinai Medical Center 
New York, New York 
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The impact of science and technology on 
medicine is no less complex than their 
impact on other aspects of human exis- 
tence. We owe to them longer life and 
better life quality in health and disease, but 
we also recognize that the explosion of 
relevant scientific information has posed 
severe challenges to the systems of 
medical education and medical practice. 
In response to these challenges, we have 
encountered two reactions that empha- 
Size two different aspects of medical 
practice. One is the desire for maximal 
comprehension of human biology, and the 
other is the wish to assume global re- 
sponsibility for patients' comfort and well 
being. While the solution to the maximal 
competence can be sought in the form of 
longer and perhaps more specialized 
education there are no obvious recipes for 
the production of super doctors who can 
assume total protection of their patients' 
physical health and mental sanity. 
During the past decade we have wit- 
nessed an increasingly strong sentiment 
for broadening and simplifying medical 


* Portions of this article were included into the Presid 


undergraduate and graduate education 
without necessarily increasing the dura- 
tion of studies. 

It seems that the pendulum of public 
opinion has swung toward a projected 
health delivery scenario populated by an 
increasing number of primary care phy- 
Sicians and a correspondingly declining 
number of specialists and subspecialists. 
! would like to question the wisdom of 
such developments and to discuss some 
possible alternatives based on the expe- 
riences of the practicing cardiologists. 

To set the stage for discussion | will 
develop a proposition based on a series 
of simple assumptions. | will assume that 
graduation from an accredited medical 
school and completion of an approved 
mixed or rotating internship makes us 
eligible to function as general practition- 
ers. If we then chose to add 2 years of 
approved residency in internal medicine, 
we can increase our practice to cover that 
entire field. If we add 2 years of fellowship 
in cardiology in an approved program, we 
can function not only as practitioners of 
general and internal medicine but as ex- 
pert consultants in the subspecialty of 
cardiology. If this is a valid proposition, 
then being under the care of a subspe- 
cialist cardiologist assures the patient of 
the physician's competence in cardiology, 
internal medicine and general medicine. 
It also implies that a patient with a specific 
cardiac problem will obtain more com- 
prehensive medical care from a cardiol- 
ogist than from an internist or a general 
practitioner. 

How correct are these assumptions? 
Is it viable to think that a subspecialist is 
a general internist first, and a subspe- 
cialist in addition? Pellegrino! says “no”: 
"This might have been feasible when the 
subspecialties of medicine were under- 
developed. But their growing complexity 
and their social significance today demand 
a degree of expertise which makes such 
a claim pretentious.” This statement sums 
up a popular view that the organ system 
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specialist in medicine is not competent to 
exercise the functions of the generalist. 
Two obvious suggestions are (1) that the 
subspecialists are not interested in a 
general evaluation or that their skill and 
ability to perform such evaluation have 
vanished as a result of ‘‘disuse at- 
rophy.”’ 

This raises the question of how long the 
cardiologist retains the knowledge ac- 
quired during internship and residency? 
Naturally, skills will be forgotten unless 
reinforced by continuing exposure. As the 
saying goes: “If you don't use it, you will 
lose it." But in this case the loss of skill 
does not need to occur. Competent car- 
diac evaluation requires a complete his- 
tory, physical examination and certain 
pertinent laboratory tests. These basic 
requirements will assure all but a small 
fraction of purely procedure-oriented 
practicing cardiologists that the ‘‘disuse 
atrophy" is not a major threat to those 
who use daily the basic skills of history 
taking, physical examination and evalu- 
ation of most common laboratory tests. 


Continuing Education 

However, even the most cultivated and 
reinforced habit of conscientious general 
evaluations is not an assurance of a 
maintained ability to provide competent 
medical care for noncardiac problems. 
This is understandable in the light of rapid 
obsolescence of the knowledge acquired 
in medical school and during graduate 
training. We must rely increasingly on 
continuing medical education if we wish 
to keep up. Today, no physician can re- 
main competent without supplementing 
and updating his knowledge from journals, 
books, scientific meetings and other ed- 
ucational experiences. 

Potentially serious problems may arise 
for a cardiologist because of the lack of 
time available for continuing medical ed- 
ucation. To illustrate this, | will assume 
that three physicians—a cardiologist, an 
internist and a general practitioner—have 


ent's Remarks during the Opening Session of the 29th Scientific Sessions of the American 


assigned equal amounts of time to con- 
tinuing medical education. | will assume 
further that the cardiologist has used this 
time to study cardiology; the internist, the 
whole field of internal medicine; and the 
general practitioner, an even broader area 
of medicine. If all three have similar 
capabilities and memories, we can expect 
that the mere passage of time will pro- 
duce considerable differences in the 
content of knowledge among these three 
physicians. The general practitioner 
should be more competent in some areas 
of general medicine and the internist more 
competent than the cardiologist in all 
areas of internal medicine except cardi- 
ology. Is this true? Probably not. In real life 
most general internists do not have equal 
interest in all areas of medicine but tend 
to focus on particular areas within the 
specialty, while the subspecialists are 
forced to update their textbook knowledge 
in general problems encountered in their 
daily practice. The interest of subspe- 
cialists in the general field of internal 
medicine is reflected in their participation 
in the recertification examination. Of 
5.365 persons recertified in 1977 by the 
American Board of Internal Medicine, 63 
percent declared themselves general in- 
ternists and 34 percent subspecialists (the 
remaining 3 percent did not declare). 


Attitude and Philosophy 

Critics of subspecialists say that this is 
not just a problem of deficient knowledge 
but one of differences in attitude and 
philosophy. This is an interesting issue. It 
stems from a notion popular among lay- 
men and within our profession that the 
subspecialist is reluctant to assume re- 
sponsibility for handling problems other 
than those that are narrowly related to one 
organ system. This implies that the sub- 
specialist has ceased making compre- 
hensive assessments of patients' prob- 
lems and has largely given up the tradi- 
tional role of a physician as comforter and 
counselor. Some of the most enlightened 
leaders in our profession hold this opinion. 
In an address at the National Meeting of 
the American Federation of Clinical Re- 
search, Pellegrino! stated ''. . . the gen- 
eralist must take personal responsibility 
to see that the patient's interests are 
protected in the maze of advice and 
techniques, not infrequently conflicting, 
through which the patient must find his 
way in modern medical care. He also has 
a preeminent ethical responsibility to 
assure that the patient understands what 
is being done, why it is being done, and 


how he can participate in the decisions 
which affect him. The generalist must 
especialy modulate the tendency of 
subspecialists to confuse their domain 
with the whole of medicine." 


Primary, Secondary and Tertiary 
Medical Care 

| disagree with this verdict. | do not 
believe that the subspecialists have re- 
stricted their professional interests to a 
single area of expertise known as tertiary 
care. Several years ago Braunwald? dis- 
tinguished among the primary, secondary 
and tertiary medical care systems. He 
predicted that these systems will be for- 
mally tiered so that primary care will be 
offered by adult and pediatric generalists 
or primary care physicians; secondary 
care by organ-system-oriented special- 
ists utilizing community hospitals; and 
tertiary care for the gravely ill and for the 
most complex problems by subspecialists 
trained to utilize the most advanced 
technology, usually within university 
hospitals. In this scheme the problems of 
tertiary care are of rather limited scope 
and involve only a small fraction of all 
physicians who care for patients with 
cardiovascular disease. If the criticism of 
subspecialists was directed predominantly 
at those cardiologists who are involved in 
the delivery of so-called tertiary care, then 
it would affect the category of academic 
cardiologist. These particular cardiologists 
seem to be the least likely target of the 
public- or peer-directed ire. Numerically 
they are a small group of physicians re- 
sponsible for teaching students or medical 
housestaff and for training the great ma- 
jority of future cardiologists. These edu- 
cators are usually philosophically opposed 
to any concepts and procedures that de- 
tract from the thoroughness and perfec- 
tion of comprehensive medical care. By 
virtue of their vocation the teachers must 
adhere to the highest standards of medical 
practice, and exemplify optimal personal 
care for patients treated in the teaching 
institutions. Their philosophy must be in 
vigorous opposition to the fragmented 
one-organ system approach, which fails 
to consider the totality of patient's physi- 
cal, emotional and social problems. 
Similarly, good teaching must oppose 
cost-ineffective examination methods, 
redundant tests, unjustified risk-taking 
during diagnostic or therapeutic proce- 
dures, nonrealistic assessment of ex- 
pected compliance, depersonalized be- 
havior leading to alienation, and other 
characteristics of poor medical practice. 
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Since the best practice of medicine is that 
which is most beneficial to the patient, 
medical educators cannot be permitted to 
renege on the cardinal principles funda- 
mental to the mission of medicine in life. 
For these reasons, | do not believe that the 
criticism directed at our subspecialists is 
targeted at the academic cardiologist. 


Distribution of Subspecialists Costs 

However, we know that today even the 
most advanced and sophisticated tech- 
nology is no longer the exclusive domain 
of the university hospitals. Open heart 
surgery, pacemaker insertions, cardiac 
catheterization, coronary angiography, 
assisted circulation, cardiac scintigraphy 
and other complex diagnostic and thera- 
peutic procedures flourish and proliferate 
in an ever increasing number of commu- 
nity hospitals in large and small cities 
throughout the country. Many of the most 
advanced technologic procedures are 
performed by the cardiologist whose of- 
fice is situated either within or outside the 
hospitals harboring the operational ar- 
rangements. Such a cardiologist probably 
represents the model of ''incompatibility 
between intense concentration on a re- 
stricted area and the demands of being a 
generalist.” ' But where is the evidence 
that such alleged incompatibility creates 
problems for society? In my search for an 
appropriate example, | came across an 
article in Medical Economics? reporting 
that the specialty of urology in this country 
is overcrowded and that the urologists are 
unequally distributed. As a result, the 
survey reports, the charges for surgical 
procedures are higher in the areas with 
more specialists than in those with fewer 
specialists. These data suggest that phy- 
sicians increase their fees to compensate 
for lower productivity caused by increased 
competition. If this assessment is correct, 
this example indicates that the public may 
have to pay an excessive price for over- 
supply of subspecialists who are deter- 
mined to perform special procedures in 
an environment of declining need. More- 
over, both the public and the colleagues 
of these physicians begin to suspect that 
some diagnostic and therapeutic proce- 
dures are redundant or superfluous. Such 
charges, of course, would be more diffi- 
cult to document than would the exces- 
sive fees for the procedures. 

Because cardiologists have not been 
surveyed we do not know the relation 
between the density of cardiologists 
performing invasive studies and the cost 
of such studies. We have no data that 
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allow us to reject or confirm the hypoth- 
esis that an excess of cardiologists skilled 
in performing certain procedures leads to 
an abuse of these procedures. Information 
of this type will be essential if we embark 
on curtailments or modifications of our 
cardiology training programs. 


Quality of Care 

We should also be concerned with the 
type and quality of the patient care deliv- 
ered by those subspecialists who perform 
cardiac catheterization and coronary an- 
giography. Do we have evidence that 
these cardiologists tend to act only as 
technical experts for testing patients re- 
ferred by other physicians? If this is true, 
one can indeed justify a need for a primary 
physician to “protect” the interests of the 
patient.^ Undoubtedly, some cardiologists 
specialize primarily in procedures. They 
exist mostly in a setting of a very large 
group practice. My personal observations 
suggest that nearly all private practitioners 
who are trained to perform cardiac cath- 
eterization, angiography and other special 
invasive or noninvasive procedures 
practice these procedures either on their 
own patients or on patients for whom they 
have assumed the responsibility for de- 
cision making. Many patients with serious 
congenital, valvular or coronary heart 
disease may require one or several in- 
vasive diagnostic studies during their 
lifetime. | believe that the timing of such 
studies, their interpretation and their role 
in decision making are best left to the 
cardiologist who is familiar with the nat- 
ural history and overall problems of the 
patient's illness. Cardiologists should 
assume the role of primary physicians for 
all patients in whom heart disease is the 
primary problem. | may agree with the 
statement that “human ills are too per- 
sonalized and and individualized to fit the 
tight frame of any specialty for long,” 4 but 
| do not agree that a patient with problems 
simultaneously in more than one organ 
system should be under the care of a 
generalist. There are two arguments 
against this conclusion: (1) It is based on 
an unfair and biased image of a specialist; 
and (2) it accepts the unproved premise 
that primary, secondary and tertiary care 
require three different types of physicians. 
In my scrutiny of practicing cardiologists, 
| did not find much evidence in support of 
the hypothesis that these professionals 
deal only with a disorder of one system or 
that they do not feel responsible for inte- 


grating care and have thus drifted away 
from what is commonly ''expected of a 
physician." ! 


Relation Between Patient and Cardiologist 


The reasons for advocating a close and 


continuing professional relation between 
the cardiac patient and the cardiologist 
are practical and logistic. In the scheme 
drawn by some experts in the health de- 
livery, the block diagram (Fig. 1A) repre- 
sents a patient with a variety of problems 
that are sorted out by the primary care 
specialist who directs the traffic to the 
secondary or tertiary care specialists. In 
this scheme the primary care physician 
assembles the opinions of consultants and 
advisors and integrates them for the pur- 
pose of making decisions affecting the 
patient. This scheme is seldom operative 
in real life. Most problems are either trivial 
or serious, and most patients with serious 
problems fall into the category of chronic 
or acute illnesses. The serious chronic 
illnesses usually come to the attention of 
the appropriate specialists who are 
trained to handle the complexities, com- 
plications, side effects of therapy, and 
relations of the primary illness to other 
problems affecting the patient. 

In day to day practice, most cardiolo- 
gists assume the role of the primary 
physician for their patients with chronic 
cardiovascular disease even if the pa- 
tients have other problems such as obe- 
sity, diabetes mellitus, peptic ulcers, 
chronic bronchitis, reactive depression 
and a whole variety of other illnesses that 
can be handled competently by a general 
internist. For these patients the cardiolo- 
gist serves also as the referring physician 
when consultations are needed in special 
areas such as surgery, gynecology or 
ophthalmology. Similarly, a cardiologist 
is the most logical candidate for the de- 
livery of care to patients with acute or 
recently discovered cardiac illnesses such 
as myocardial infarction, angina pectoris 
or congestive heart failure. Some of these 
patients have never had a comprehensive 
evaluation in the past; others have been 
under the care of a generalist or noncar- 
diac specialist. In the former case most 
patients tend to chose the cardiologist as 
their primary care physician simply be- 
cause all other health problems are 
overshadowed by the primary cardio- 
vascular problems. In the latter case, the 
appearance of the new physician as a 
consultant may cause dilemmas for both 
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patients and their physicians. However, 
competence alone is not the factor which 
determines the relation between the pa- 
tient and the physician. One cannot un- 
derestimate the role of mutual trust, 
compatibility and even friendship. It is 
interesting to observe how often our pa- 
tients are also our friends. This friendship 
is sometimes formed before the onset of 
a professional relationship but in many 
cases it develops during it. The rigid 
scheme of the primary, secondary and 
tertiary care ignores the impact of such 
simple, but powerful human factors as the 
emotional bonds between the patient and 
the physician. 


Specialist as Primary Care Physician 

For all these reasons | would like to 
propose the existence of a scheme that 
is common in real life, and: where one 
dominant health problem is usually of ut- 
most concern to the patient. In this 
scheme the primary problem becomes 
subject to primary care by the most 
qualified professional. This professional, 
in our case the cardiologist, must be ex- 
pected to take care of all noncardiac 
problems that are of concern to the pa- 
tient. Of course, this cannot be a rigid 
system, simply because the changing 
nature of the primary problem may require 
a change in strategy. 

Let us take an example of an asymp- 
tomatic patient whose only problem is a 
cardiac murmur for which he is being 
checked once a year by a cardiologist. If 
this patient becomes victim of a serious 
noncardiac disease—for example, ul- 
cerative colitis or lymphoma—the cardi- 
ologist may decide that cardiac murmur 
has ceased to remain the primary prob- 
lem, and that it may be advisable to select 
another primary physician who is more 
competent to handle the emerging pri- 
mary problem. My scheme will look dif- 
ferent (Fig. 1B). 

Let us consider whether my scheme is 
a mere figment of imagination, an ideal- 
istic dream without relation to the harsh 
reality of life. Fortunately, some recent 
studies? have provided data that are very 
helpful in clarifying the role of the cardi- 
ologist in health delivery. These studies 
report the results of a survey conducted 
by Mendenhall and his associates at the 
University of Southern California at the 
request of the Robert Wood Johnson 
Foundation and the Department of Health, 
Education, and Welfare. The published 
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FIGURE 1. Block diagrams. A, showing a practice pattern in which the primary care physician handles all problems and refers the patient for con- 
sultation only to physicians specializing in secondary or tertiary care problems. B, showing a practice pattern in which the primary care physician 


is a specialist in the patient's primary disease. This physician handles all problems and refers the patient for appropriate consultation. A change . 
in the primary problem may require referral to another primary care physician for management. 


study has documented that many spe- 
cialists serve as general physicians and 
that one of every five Americans now 
receives continuing general medical care 
from a specialist physician. Patients re- 
ceiving principal care by a physician 
constituted 77.7 percent of all patients 
treated by family practitioners and 61.9 
percent of patients treated by cardiolo- 
gists. This report concluded that the sur- 
vey uncovered a “hidden system” of 
general medical care delivered by physi- 
cians with specialty labels. It is interesting 
that these ‘‘hidden”’ revelations represent 
evidences of sound and conscientious 
medical practice in this country. Most 
specialists are well aware that the par- 
ticipation in challenging and complex 


problems requiring special expertise 
cannot be dissociated from responsibili- 
ties of participating in every day, mundane 
and simple dispositions essential to the 
delivery of optimal health care. This report 
confirms the facts known to the majority 
of both patients and physicians in practice 
but apparently ''hidden" from various 
analysts and theoreticians writing articles 
about the alleged evils of specialization 
medicine. 

| have left out the cost issues because 
| am not sure how to interpret the cost- 
effectiveness. of health care. The Men- 
denhall report shows that cardiologists 
have a smaller patient load than general 
practitioners and family practitioners." 
This suggests to the authors of the article 


that ''it costs more to receive general care 
from the specialist" than from the gen- 
eralist.5 It is obvious that such a conclu- 
sion is warranted only if all other ingredi- 
ents in the complex equation of cost-ef- 
fectiveness and quality of care remain 
constant for all types of practice and 
categories of practitioners. Very little in- 
formation on this subject is available, but 
it may be of interest to quote a pertinent 
study conducted by the Community Med- 
icine Department in the Medical College 
of Ohio, Toledo. This study showed that 
of the three types of physicians who 
managed patients with cardiovascular 
disease, the cardiologists generated lower 
patient-care costs than the internists and 
the family physicians. It reports that the 
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hospital length of stay was shorter for 
patients managed by cardiologists, al- 
though the latter generally managed more 
complicated cases. 

Summary: In the daily practice of 
medicine, the primary medical problem 
represents a serious chronic or acute ill- 
ness that is of major concern to the pa- 
tient. If such a primary problem requires 
the expertise of a competent specialist 
then this specialist should be expected to 
act as a primary care physician. In other 
words, the physician who is most skilled 
and competent in handling the primary 


problem is the most logical candidate for 
assuming the primary care of a patient 
with this problem. Recent data on medical 
practice in this country suggests that this 
may indeed be the typical pattern of 
medical practice. 

Borys Surawicz, MD, FACC 

Immediate Past President 

American College of Cardiology 
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NEW MEMBERS OF THE COLLEGE 


The following individuals were elected to membership in the American College of 
Cardiology on February 4, 1980 in the category indicated. 


FELLOWSHIP 


ABRAMOWITZ, Amnon Z., MD, Brooklyn, 
NY 
AHMED, Mohamed S., MBBS, Las Vegas, 
NV 
ALEXANDER, Jonathan, MD, Danbury, CT 
ALLEN, Richard D., MD, Louisville, KY 
ALLEN, Robert P., MD, Bangor, ME 
ALVAREZ, Alfred J., MD, Fort Lauderdale, 
FL 
ANGOFF, Richard H., MD, Worcester, MA 
ARITA, Makoto, MD, Hazama, Otto, Japan 
ARNETT, Ernest N., MD, Baltimore, MD 
ARVAN, Stephen, MD, Pittsburgh, PA 
ASCARELLI, Emanuel D., MD, Portsmouth, 
VA 
BALTAZAR, Arturo E., MD, Bristol, CT 
BATHINI, Ramaswamy, MBBS, Dayton, OH 
BAUERNFEIND, Robert A., MD, Chicago, IL 
BEALE, George L., Jr., MD, El Paso, TX 
BLAKE, Hugo G , MD, Harlington, TX 
BOERSMA, Ronald B., MD, Buffalo, NY 
BOTVINICK, Elias H., MD, San Francisco, 
CA 
BOWERS, Rodney E., MD, Fort Sam 
Houston, TX 
BRODY, William R., MD, PhD, Stanford, CA 
BUGNI, William J., MD, Shreveport, LA 
BUSTROS, Nagi J., MD, Brooklyn, NY 
CALDER, Joseph R., Jr., MD, Williamsport, 
PA 
CAREN, Jeffrey F., MD, Beverly Hills, CA 
CESA, Michael P., MD, Smithtown, NY 
CHOWDHURY, Muzibul G., MBBS, Windsor, 
CT 


CIRESI, Salvatore J., MD, Cleveland, OH 

CONSTANTINO, Robert T., MD, Mountain 
View, CA 

CORDAY, Stephen, MD, Beverly Hills, CA 

COSGROVE, Delos M., Ill, MD, Cleveland, 
OH 

COTTRILL, Carol M., MD, Lexington, KY 

CRUZ, Jairo B., MD, Chicago, IL 

CUTLER, Edward, MD, Miami, FL 

DAVIS, Richard C., Jr , MD, PhD, Aurora, 
CO 

DE GUIA, Ramiro M., Jr., MD, Quezon City, 
Philippines 

DE COSIMO, Diana R., MD, Worcester, MA 

DINARDO-EKERY, Dorothy, MD, El Paso, TX 

D'ONOFRIO, Gregory R., Jr., MD, Stamford, 
CT 

DOS SANTOS, Edgardo R., MD, Fort 
Lauderdale, FL 

DRAGATAKIS, Leonidas N., MD, Montreal, 
Quebec, Canada 

DROZDA, Joseph P., Jr., MD, Bridgeton, MO 

DUTTA, Debabrata, MBBS, Bronxville, NY 

ELIZARDI, David J., MD, New Orleans, LA 

ESCOBAR, Edgardo, MD, Santiago, Chile 

EZEKOWITZ, Michael D., MB, ChB, PhD, 
Oklahoma City, OK 

FEIT, Frederick, MD, New York, NY 

FISHER, Terrance N., MD, Rockford, IL 

FLORES, Jorge A., MD, Fort Lauderdale, FL 

FRIEDMAN, Mark J., MD, Tucson, AZ 

GADDY, Joe E., Jr., MD, Winston-Salem, NC 

GALLE, John S., MD, Hartford, CT 

GARFIELD, Allan, MD, San Francisco, CA 

GOPALAKRISHAN, Ramaswamy, MD, 
Pittsburgh, PA 


918 April 1980 The American Journal of CARDIOLOGY Volume 45 


GRIFFIN, Andrew J., MD, Maywood, IL 

GROSS, Steven A., MD, San Diego, CA 

GUNTHANER, Diana F., MD, BS, Stanford, 
CA 

GUTMAN, Julius A., MD, Glen Ridge, NJ 

HAGHIGHAT, Reza H., MD, Harvey, IL 

HALL, Donald G., MD, Charlotte, NC 

HAMED, Mohamed A.A., MB, BCh, Cairo, 
Egypt 

HANDLER, Martin H., MD, Lake Success, 
NY 

HANSON, Michael W., MD, Bluefield, WV 

HARRIS, Phillip J., MBBS, PhD, 
Camperdown, NSW, Australia 

HAYES, Constance J., MD, New York, NY 

HEPNER, Seymour l., MD, Washington, DC 

HERLING, Irving M., MD, Philadelphia, PA 

HICKMAN, James R., Jr., MD, Brooks Air 
Force Base, TX 

HIGGINSON, Lyall A. J., MD, Ottawa, 
Ontario, Canada 

HIRSCHKLAU, Michael J., MD, Tulsa, OK 

HOLLANDER, Gerald M., MD, Brooklyn, NY 

HOROWITZ, Steven F., MD, New York, NY 

HUMPHREY, Stephen H., MD, Fort Sam 
Houston, TX 

JACKSON, Bruce K., MD, Redondo Beach, 
CA 

JACOBS, Lawrence J., MD, Hollywood, FL 

KANAKIS, Charles, Jr., MD, Chicago, IL 

KAPLAN, Kerry J., MD, Chicago, IL 

KARIM, Abdul M. K., MBBS, Perry Point, MD 

KARL, Robert H., MD, Miami, FL 

KATZ, Stanley, MB, ChB, New Hyde Park, 
NY 

KAZMIER, Francis, J., MD, Rochester, MN 


KHAN, Walayat, MBBS, Dansville, NY 
KIBLER, Larry E., MD, Charleston, SC 
KING, Michael J., MD, Miami Beach, FL 
KIRSTEIN, Robert H., MD, Miami, FL 
KISSEL, Gary L., MD, Redondo Beach, CA 
KLEIN, Arthur A , MD, New York, NY 
KOH, David, MD, Seattle, WA 
KUMPURIS, Andrew G., MD, Little Rock, AR 
KUNAMNENI, Basava, P., MD, Clifton, NJ 
L'ABBATE, Antonio, MD, Pisa, Italy 
LAM, Wilfred, MD, Chicago, IL 
LAPPE, Donald L., MD, Salt Lake City, UT 
LASALA, Anthony F., MD, Hartford, CT 
LEDDY, Cheryl L., MD, Philadelphia, PA 
LEWIS, J. Randolph, MD, Dubuque, IA 
LIBERMAN, Henry A., MD, Atlanta, GA 
LICHT, James R., MD, Long Beach, CA 
LIEBERMAN, Alan N., MD, New York, NY 
LIN, Chin-Lon, BM, Reseda, CA 
MANN, Oscar, MD, Washington, DC 
MARMER, Ellen L., MD, Vernon, CT 
MAROO, Praful V., MBBS, Cleveland, OH 
MASINI, Giuseppe, MD, Lucca, Italy 
MASTROPOLO, Paul L., MD, Newington, CT 
MEHLMAN, David J., MD, Chicago, IL 
MICELI, Charles K., MD, Massapequa, NY 
MIDWALL, Jay, MD, Miami, FL 
MIHALICK, Michael J., MD, Houston, TX 
MILLER, Giles, MD, San Francisco, CA 
MOHANTY, Pramod K., MBBS, Richmond, 
VA 
MOORE, Thomas B., MD, Chesapeake, VA 
MURPHY, Allan L., MB, BS, Australia 
MUSSER, Wayne E., Jr., MD, Madison, WI 
NAIR, V. Krishnan, MD, Monsey, NY 
NEWSOME, A. Ray, MD, Winston-Salem, 
NC 
NG, Richard A. L., MBBS, Singapore, 
Singapore 
NICHOLS, Allen B., MD, New York, NY 
NITZBERG, Robert S., MD, Ambridge, PA 
NUTT, James E., MD, Louisville, KY 
O'REILLY, David J., MBBS, Hartford, CT 
OSBORN, Michael J., MD, Rochester, MN 
PACKER, Milton, MD, New York, NY 
PAPAPIETRO, Silvio E., MD, Birmingham, 
AL 
PARK, Chan J., MD, Parma, OH 
PARKER, John P., MD, Norfolk, VA 
PASSAMANI, Eugene R., MD, Bethesda, MD 
PASTERNACK, Peter F., MD, New York, NY 
PHILLIPS, John C., MD, Pittsburgh, PA 
PORES, Ira H., MD, Millburn, NJ 
PRATT, Craig M., MD, Houston, TX 
PRATT, Richard C., MD, Chelmsford, MA 
PRYSTOWSKY, Eric N., MD, Indianapolis, IN 
QUAID, Thomas P., MD, Baton Rouge, LA 
RABINOWITZ, Burton D., MD, Cambridge, 
MA 
RAESSLER, Kenneth L., MD, Prescott, AZ 
RAIZES, Gary S., MD, Scarsdale, NY 
RAO, Ram-Dev K., MBBS, Pittsburgh, PA 
RAZAVI, Seid Ali, MD, Cincinnati, OH 
REHN, Terry G., MD, Baton Rouge, LA 
REMINGTON, D. Brian, MD, Jacksonville, FL 
RESS, Richard R., MD, Bronx, NY 
REYNOLDS, Robert W., MD, Lakewood, OH 
RHEE, Jai J., MD, Elmhurst, NY 


RIBNER, Hillel S., MD, Chicago, IL 

RICHMAN, Justin L., MD, Chestnut Hill, MA 

RINER, Ronald N., MD, Warren Woods, MO 

ROSE, John D., MD, Greenville, NC 

ROSENTHAL, Robert, MD, Greenwich, CT 

RUCKMAN, Roger N., MD, Kensington, MD 

SAAH, Ibrahim D., MD, Mountain View, CA 

SCHONBERG, Allan, MD, Jacksonville, FL 

SCHWARTZ, Allan, MD, New York, NY 

SHAHIDI, Fattah E., MD, Garden City, NY 

SHAYKHER, Chander, MBBS, St. Louis, MO 

SHENOY, Vasudev B., MD, Houston, TX 

SHERMAN, William M., MD, Margate, FL 

SHERRID, Mark V., MD, New York, NY 

SIEGEL, Barry Alan, MD, St. Louis, MO 

SNYDER, Stuart, MD, Philadelphia, PA 

SOHAL, Mohinder S., MB, BS, Los Angeles, 
CA 

SORENSON, Sherman G., MD, San Antonio, 
TX 

SOTOMORA, Ricardo F., MD, Guatemala, 
Guatemala 

SPRINKLE, Leland W., Jr., MD, La Mesa, CA 

SRIWATTANAKOMEN, Supote, MD, New 
Eagle, PA 

STAHL, Allan J., MD, Waterbury, CT 

STEPHENSON, Larry W., MD, Philadelphia, 
PA 

STOCKMAN, Mark B., MD, Boston, MA 

STONECYPHER, William B., MD, 
Birmingham, AL 

SWIRYN, Steven P., MD, Chicago, IL 

TAN, Wilfredo S., MD, Erie, PA 

TANSEY, William A., Ill, MD, Short Hills, NJ 

TAYLOR, George J., IV, MD, Charlottesville, 
VA 

TAYLOR, James L., MD, Birmingham, AL 

TEIXEIRA, Otto H. P., MD, Ottawa, Ontario, 
Canada 

THAMMAN, Vijay K., MD, Lodi, NJ 

TIU, Alfonso L., MD, West Allis, WI 

TOPPIN, James R., MD, Brooklyn, NY 

TUNICK, Paul Asa, MD, New York, NY 

TURNER, Harrison D., MD, Kingsport, TN 

TURNER, Jon D., MD, Huntsville, AL 

VAGNINI, Frederick J., MD, Great Neck, NY 

VAIDYA, Pranaychandra J., MBBS, New 
Milford, NJ 

VALAITIS, Joseph A., MD, Rockford, IL 

VALENTINE, Albert M., MD, Wheeling, WV 

VANDEN HOVEN, Pieter, MD, Deer Park, 
CA 

VASAVADA, Balendu C., MBBS, Brooklyn, 
NY 

VENKATACHALAPATHY, MBBS, Bronx, NY 

VITULLO, Dolores A., MD, Chicago, IL 

VOELKEL, August G., MD, Walnut Creek, 
CA 

WALDER, James S., MD, Honolulu, HI 

WALTER, Paul D., MD, Lubbock, TX 

WARSHOW, Majid M., MB, ChB, Nairobi, 
Kenya 

WEINBERG, Stephen E., MD, Cherry Hill, NJ 

WHITE, David H., MD, San Antonio, TX 

WICKS, James M., MD, Lake Forest, IL 

WILKIN, James, MD, Fort Gordon, GA 

WILLARD, Edgar H., III, MD, Winter Haven, 
FL 


PAIWHZTMAZAATN VWL MARS MI —————— 


WINER, Howard E., MD, New York, NY 
YUSTE, Pablo, MD, Madrid, Spain 
ZIEGLER, Edward C., MD, Cape Coral, FL 


ADVANCE TO FELLOWSHIP 


AHMAD, Masood, MBBS, Columbia, MO 
AHMADPOUR, Hedayatolah, MD. 
LaCrescent, CA 
ALBAGHDADI, Saadi, MB, ChB, Clinton, IA 
ALISUAG, Andres, Jr., MD, Manassas, VA 
ANDERSON, Jeffrey L., MD, Ann Arbor, MI 
ANDREADIS, Nicholas A., MD, Federal Way, 
WA 
ANSCHUETZ, Richard A., MD, Greenbrae, 
CA 
ARNOLD, Stephen B., MD, San Pablo, CA 
ASSEY, Michael E., MD, Charleston, SC 
BALLER, John T., MD, Sioux City, IA 
BAPAT, Avinash N., MBBS, Brooklyn, NY 
BAUMAN, William B., MD, Akron, OH 
BEEKMAN, Jerome F., MD, Findlay, OH 
BERG, Jack F., MD, Melrose, MA 
BERKOBEN, John P., MD, Arlington, MA 
BLUMFIELD, David E., MD, Los Angeles, CA 
BOSWELL, Robert B., MD, Orlando, FL 
BROWN, Douglas E., MD, La Jolla, CA 
BROWN, William M., MD, Lynchburg, VA 
CAGIN, Charles R., DO, Des Moines, IA 
CAGIN, Norman A., MD, New York, NY 
CALDWELL, Randell L., MD, Indianapolis, IN 
CERETTO, William J., MD, San Diego, CA 
CHAHIN, Jacques, MD, Concord, CA 
CHANDRAMOULI, Basaviah, MB, BS, Des 
Moines, IA 
CHAUDHERY, Shaukat A., MBBS, Parlin, NJ 
CHERIAN, Joseph M., MD, Milton, FL 
CHERWEK, Michael L., MD, Fredericksburg, 
VA 
CHIARAMIDA, Salvatore, MD, Perth Amboy, 
NJ 
CHUN, Duck S., MD, St. Louis, MO 
COLBOURN, Arthur W., MD, Wilmington, DE 
COLIN, Clifford D., MD, New Port Richey, FL 
COOPER, M. Wayne, MD, Lubbock, TX 
COVTIZ, Wesley, MD, Augusta, GA 
COX, Larry H., MD, Richmond, VA 
D'CUNHA, George F., MB, BCh, Milwaukee, 
WI 
DHANANI, Shiraz P., MB, BS, Madison, WI 
DI SESSA, Thomas G., MD, Los Angeles, 
CA 
DOCTOR, Umakant S., MD, Kalamazoo, MI 
DOCTOROFF, Stephen J., MD, New Britain, 
CT 
DRISCOLL, David J., MD, Houston, TX 
DURAIRAJ, Sadayappa K., MBBS, Sun 
Valley, CA 
ELMQUIST, Thomas H., MD, New York, NY 
FERNAINE, Antoine V., MD, New York, NY 
FINCK, David R., MD, Pittsfield, MA 
FOLLAND, Edward D., MD, West Roxbury, 
MA 
FOX, Martin L., MD, New York, NY 
FRIEDMAN, Abraham W., MD, Pittsburgh, 
Pennsylvania 
GABBAY, Solomon A., MB, BCh, Waltham, 
Massachusetts 
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GANCHAN, Richard P., Jr., MD, Reno, NV 
GARCIA-GREGORY, Jorge, MD, Houston, TX 
GIBBS, Harry R., MD, Wright-Patterson Air 
Force Base, OH 
GIBSON, Milton E., MD, South Bend, IN 
GLASER, Robert, MD, New Hyde Park, NY 
GLATTER, Thomas R., MD, Kansas City, MO 
GOLDFARB, Irvin D., MD, Newark, NJ 
GOLDMAN, Isa P., MD, New York, NY 
GORDON, Michael J., MD, Houston, TX 
GORY, Dennis J., MD, St. Louis, MO 
GOYLE, Krishan K., MD, Wichita, KS 
GRANT, David, MD, San Antonio, TX 
GRAY, Lewis W., MD, Newton, NJ 
GREEN, Richard M., MD, Westlake Village, 
CA 
GRODMAN, Richard S., MD, Staten Island, 
NY 
HARPER, J. Michael, MD, Hendersonville, 
NC 
HARPER, William K., MD, Columbus, GA 
HARWOOD, Suzanne P., MD, Glastonbury, 
CT 
HAYASHI, K. David, MD, Brockport, NY 
HAYAT, Sultan A., MBBS, St. Louis, MO 
HAYCRAFT, Gordon L., MD, Lackland Air 
Force Base, TX 
HAYDEN, William G., MD, Palo Alto, CA 
HEGER, Joel W., MD, Pasadena, CA 
HEINE, Jon E., MD, Houston, TX 
JAIN, Bhagwan D., MBBS, Chicago, IL 
JAIN, Dharam Pal, MBBS, Milwaukee, WI 
JAIN, Mukesh C., MD, Chicago, IL 
JAPRA, Romesh, K., MBBS, Fremont, CA 
JAVED, Muhammad R., MBBS, Richlands, 
VA 
JUDSON, Preston L., MD, Portsmouth, VA 
KASTOFF, Stephen J., MD, Farmington, CT 
KAZENELSON, Gregorio, MD, Waterloo, IA 
KHAN, Ashfaque, MB, BS, Chicago, IL 
KLEIN, Richard C., MD, Albuquerque, NM 
KU, Yuan Kuang, MD, Brooklyn, NY 
KUSHNER, Frederick G., MD, Marraro, LA 
KUSLANSKY, Phillip, MD, Great Neck, NY 
KWEE, Hian Hoey, MD, Livermore, CA 
LALMALANI, Gopal G., MB, BS, Chicago, IL 
LAWRENCE, John E., Jr., MD, Asheville, NC 
LEGUM, Ronald M., MD, Lancaster, PA 
LEVI, Bernard, MD, San Antonio, TX 
LIGUORI, Raymond E., MD, Oxnard, CA 
LINARES, Esteban, MD, San Juan, PR 
LIRDNIMANRADI, Apichart, MD, Peoria, IL 
LUNDEEN, Joan Fluri, MD, Boston, MA 
LURIE, Mark, MD, Torrance, CA 
MACHADO, Humberto, MD, Hialeah, FL 
MATSUMOTO, Stewart Y., MD, Honolulu, HI 
McGINNIS, Andrew W. H., MD, Stamford, CT 
McGREEV Y, Martin J., MD, La Mesa, CA 
MILLER, Elinor, MD, Chicago, IL 
MILLSAPS, Ralph D., MD, Evansville, IN 
MOKOTOFF, David M., MD, Mobile, AL 
MONOSON, Peter A., MD, Waterbury, CT 


MOODY, Joe M., Jr., MD, Fort Sam Houston, 
TX 
MOREYRA, Abel E., MD, Green Brook, NJ 
MOWER, Morton M., MD, Baltimore, MD 
NAIR S. Vijayachandran, MD, Fallston, MD 
NARAHARA, Kenneth A., MD, Dallas, TX 
NAZZAL, Sami B., MD, Loma Linda, CA 
OKADA, Robert D., MD, Boston, MA 
OLIVEROS, Rene A., MD, San Antonio, TX 
PADNICK, Marvin B., MD, Phoenix, AZ 
PAPE, Linda Ann, MD, Worcester, MA 
PARIS, Joseph A., MD, El Paso, TX 
PATTERSON, William D., MD, Huntsville, AL 
PECK, Robert M., MD, Pasadena, CA 
PERLOW, Gerald M., MD, Swampscott, MA 
PEZZELLA, Stephen M., MD, Worcester, MA 
PIETRO, Daniel A., MD, Brockton, MA 
PINSKY, William W., MD, Houston, TX 
PODRID, Phillip J., MD, Boston, MA 
PORTS, Thomas A., MD, San Francisco, CA 
POTU, Ranganatha P., MBBS, Brooklyn, NY 
RABINOWITZ, Stephen H., MD, Forest Hills, 
NY 
RANA, Yebarna S., MB, BS, Brooklyn, NY 
RAPACZ, Raymond J., MD, La Grange, IL 
REED, Robert G., MD, Indianapolis, IN 
ROGERS, Garrett L., MD, Waco, TX 
ROSENFELD, Stephen P., MD, Houston, TX 
ROTHMAN, Howard C., MD, Fort Lee, NJ 
RUBIN, Howard S., MD, Houston, TX 
SAHA, Asis K., MBBS, Kissimmee, FL 
SAMBASIVAN, Venkataraman, MBBS, 
Northridge, CA 
SARMA, Radha J., MBBS, Downey, CA 
SCHISANO, Denis S., MD, Beverly Heights, 
NJ 
SCHNEIDER, Neil S., MD, Miami Beach, FL 
SCHNEIDER, Richard R., MD, Elmhurst, NY 
SCHWADE, Jack L., MD, Dallas, TX 
SCOFIELD, Dean J., MD, Ridgecrest, CA 
SECO, Josie E., MD, Maitland, FL 
SHENOY, Mohandas M., MBBS, Brooklyn, 
NY 
SHORT, William G., MD, Jacksonville, FL 
SICHERMAN, Harlan Jay, MD, New 
Brunswick, NJ 
SILVERMAN, Ralph I., MD, Bronx, NY 
SKVAZA, Helen, MD, Cleveland, OH 
SOLOW, Edward A., MD, Moorestown, NJ 
STANILOFF, Howard M., MD, Los Angeles, 
CA 
STARK, Robert M., MD, Greenwich, CT 
STUTTS, Baldwin S., Ill, MD, San Antonio, 
TX 
SUDARSHAN, Sriram, MD, East Orange, NJ 
SWENSSON, Richard E., MD, El Paso, TX 
TAHA, Riyad A., MD, Dallas, TX 
TAN, Linda G., MD, Loma Linda, CA 
THANAVARO, Samer, MD, St. Louis, MO 
THOMAS, George, MBBS, Bradenton, FL 
TUMMALA, Sivaramaprasad, MB, BS, 
Chicago, IL 
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VARNELL, James H., Jr., MD, Norfolk, VA 

VENKATESH, Alagiriswami, MB, BS, Sun 
Valley, CA 

VOGELBACH, Karl-Heinrich, MD, Pasadena, 
CA 

WAKEFIELD, Donald L., MD, Lexington, KY 

WARDE, Donal A. W., MB, BCh, Pittsburgh, 
PA 

WASSERMAN, Louis A., MD, Syracuse, NY 

WECKESSER, Barry J., MD, Baltimore, MD 

WEEKS, Kenneth.D., Jr., MD, Washington, 
DC 

WEISBURST, Mark R., MD, Hartford, CT 

WHITESIDE, Jim H., MD, Glasgow, KY 

WINTER, Thorne S., Ill, MD, Atlanta, GA 

WISTRAN, Daniel C., MD, Lynn, MA 

WOODRUFF, David E., Jr., MD, Berkeley, 
CA 

YOUNG, James B., MD, Houston, TX 

YOUNG, Stephen H., MD, Galveston, TX 

ZAHAVI, Izhar, MD, Petach Tikva, Israel 

ZAKS, Jeffrey M., MD, Southfield, MI 

ZEMA, Michael J., MD, Patchogue, NY 

ZIPERMAN, Don B., MD, El Paso, TX 

ZITO, Ruben A., MD, West Haven, CT 


ASSOCIATE FELLOWSHIP 


AHMED, K. Siraj, MD, Bellflower, CA 
ANDERSEN, Fritz H., MD, Falls Church, VA 
BALL, Robert M., MD, Jackson, MS 
BREMNER, W. Fraser, MB, ChB, Cincinnati, 
OH 
DAVIS, Richard S., MBBS, Bronx, NY 
GHEORGHIADE, Mihai, MD, Salem, VA 
GUPTA, Jagmohan D., MD, Goldsboro, NC 
HALPRIN, Stanley L., MD, New York, NY 
HEYMANN, William C., MD, Miami, FL 
IQBAL, Muhammad Z., MB, BS, Chicago, IL 
LEY-KOO, Jorge, MD, Puebla, Mexico 
MARKOV, Angel K., MD, Jackson, MS 
MIDANI, Mohamed M., MD, Marietta, GA 
OREN, Micha, MD, Randolph Township, NJ 
STEIN, Jonathan H., MD, New York, NY 
SUMMER, Gerald L., MD, West Palm Beach, 
FL 
VAN HOVE, Eugene D., MD, Indianapolis, IN 
VROBEL, Thomas R., MD, Cleveland, OH 
WARTENBERG, Martin B., MD, Cali, 
Columbia 


ADVANCE TO ASSOCIATE FELLOWSHIP 
CINTADO, Luis J., MD, Gainesville, FL 


AFFILIATE 


CARLI, Alberto J., MD, Buenos Aires, 
Argentina 

GUERET, Pascal, MD, Los Angeles, CA 

MASTER, Herbert B., MD, Shreveport, LA 

PASTERNACK, Fred L., MD, New York, NY 


CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
incréases with the ever increasing amount of 
scieptific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cfalists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 





of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 


individu- Center, San Francisco, CA 
ally 
To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 
ally 
APR. Cardiology for the Consultant: A Clini- 


7-16 cian’s Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santa Fe, 


CA 

APR. Coronary Artery Disease: A Compre- 

9-12 hensive Review. James S. Forrester, 
FACC, director. Century Plaza Hotel, Los 
Angeles, CA 

APR. Consultant’s Course in Cardiology. 


14-18 Louis È. Teichholz, FACC, Richard 
Gorlin, FACC, Simon Dack, FACC and 
Ephraim Donoso, FACC, directors. Mt. 
Sinai Medical Center, New York, NY 


APR. Vectorcardiography —Basic Workshop. 

16-18 Alberto Benchimol, FACC, director. 
Scottsdale Hilton Hotel, Scottsdale, 
AZ 

APR. Practical Cardiology for the Family 


21-23 Physician. Robert S. Eliot, FACC, di- 


rector. Marriott Hotel, San Antonio, TX 


APR. The Pathology of Congenital Heart 
Disease. Maurice Lev, FACC, Jesse E. 
Edwards, FACC and Saroja Bharati, 
FACC, directors. Palmer House, Chi- 
cago, IL 


APR. New Concepts in Clinical Electrocar- 
diography. William J. Mandel, FACC and 
Irwin Hoffman, FACC, directors. Beverly 
Hilton Hotel, Beverly Hills, CA 


May Problems in Management of Valvular 

1-3 and Ischemic Heart Disease. Leonard 
G. Christie, Jr., FACC, Carl J. Pepine, 
FACC and C. Richard Conti, FACC, di- 
rectors. Harstan Convention Center, 
Innisbrook Resort and Golf Club, Tarpon 
Springs, FL 


MAY Fifth Annual Symposium on Cardio- 

3-6 vascular Nursing. Henry J. L. Marriott, 
FACC and Leo Schamroth, FACC, di- 
rectors. Carillon Hotel, Miami Beach, 
FL 


MAY Clinical Auscultation of the Heart. W. 

7-9 Proctor Harvey, FACC, director and 
Antonio C. deLeon, Jr., FACC and John 
F. Stapleton, co-directors. Georgetown 
University Medical Center, Washington, 
DC 


MAY Trends in Cardiology (With Emphasis 

12-14 on Coronary Atherosclerotic Heart 
Disease). J. Willis Hurst, FACC, director 
and Robert C. Schlant, FACC, co-di- 
rector. Sheraton Atlanta Hotel, Atlanta, 
GA 


MAY Acute Myocardial Infarction: Recog- 
nition—Management—Rehabilitation. 
Arthur Selzer, FACC and Keith E. Cohn, 
FACC, directors. The St. Francis Hotel, 
San Francisco, CA 


MAY Diagnosis and Treatment of Dysrhyth- 

21-23 mias in Children. Paul C. Gillette, FACC, 
Arthur Garson, Jr. and Dan G. McNa- 
mara, FACC, directors. Texas Children’s 
Hospital, Houston, TX 


JUNE Cardiovascular Nuclear Medicine: 

5-7 1980. Lawrence S. Cohen, FACC, 
Alexander Gottschalk and Barry L. Zaret, 
FACC, directors. Yale University School 
of Medicine, New Haven, CT 


JUNE Frontiers in Coronary Artery Disease. 

9-11 Robert J. Capone, FACC, Richard A. 
Carlton and Richard S. Shulman, FACC, 
directors. Sheraton-Islander Inn, New- 
port, RI 


JUNE Seventh Annual Symposium on Clinical 

11-14 Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagen, FACC, director 
and Walter V. R. Vieweg, FACC, co- 
director. Sheraton Harbor Island Hotel, 
San Diego, CA 
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LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology's newest department, the Learning 
Center, located at the College's Bethesda Maryland headquarters, began 
operations in October 1977 with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through July 1980, contact Program 
Ccordinator, Learning Center, American College of Cardiology, 9111 
Old Georgetown Road, Bethesda, Maryland 20014. Telephone (301) 
897-5400. 


o WCOOORCT a l CT AUEIUEE oe Bt haat oe ONDE TERN CE a 
APRIL THROUGH JULY 1980 


Month/Dates Program Director 
March 24-26 John A. Mantle, MD 
March 27-29 John A. Spittell, Jr., MD 
April 9-11 Victor Parsonnet, MD 
April 14-16 Keith Cohn, MD 

April 21-23 Nanette K. Wenger, MD 
April 28-30 Pravin M. Shah, MD 
May 1-3 Daniel S. Berman, MD 
May 5-7 Robert G. Tancredi, MD 
May 12-14 Louis Lemberg, MD 
May 19-21 Arthur E. Weyman, MD 
May 28-30 Elliot Rapaport, MD 
June 2-4 Borys Surawicz, MD 
July 14-16 Arthur D. Hagan, MD 
July 24-26 Victor F. Froelicher, Jr., MD 


and 
Paul L. Henry, MD 


Title of Program 


Quality Assurance and Management for Cardiovascular Nurses 
Peripheral Vascular Disease 

Current Concepts in Pacing 

Exercise Testing 

Rehabilitation of the Coronary Patient 


M-Mode and 2-Dimensional Echocardiography: Current Status and Future 
Promise 


Nuclear Cardiology 


Management of Pulmonary, Renal and Electrolyte Disorders in Cardiac Patients 


Cardiology Update for Intensive Care Unit Nurses 
Cross-Sectional Echocardiography 


Cardiology for the Consultant 
Advanced Cardiac Electrophysiology for Cardiologists 


Fundamentals of Clinical Echocardiography for the Non-Echocardiographer 


Exercise Testing 


SE 
30TH ANNUAL SCIENTIFIC SESSION 


AMERICAN COLLEGE OF CARDIOLOGY 


MARCH 15-19, 1981 


922 


SAN FRANCISCO, CALIFORNIA 
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"Some cardiologists like high contrasr. 





Others prefer a flatter image. 





^ supina gives them the choice..." 


oe mra ota oih op am aia o a ojo ray A D A 


Frederick V. Naspo 





Cinegram Technical Specialist 
Medical Imaging Division 


"There's no such thing as the perfect 
cineradiographic film... a single film th 
will meet the diagnostic information re- 
quirements of every cardiologist. Indi- 
vidual preferences are just too great to 
make any one film more than a com- 
promise. And as | see it, cineradiograp 
is no place for compromise. 

"That's why at Ilford we have two dif- 
ferent types of Cinegram film . . . each wi 
different characteristics. And we havet 
developers to let us zero in perfectly on 
the image that the cardiologist favors. 

"But getting the exact image the car- 
diologist wants involves more than just 
film and chemistry. Matching our produc 
to the unique characteristics of the facili 

ty's equipment IS it Fs mpar ant. 

We've learned that t ombination of 
equipment used at a da ty will pro- 
foundly affect the film and chemistry 
choice...andalso the exposure and pr 
cessing requirements. Even the pro- 
jector's optics must be taken into accou 

"Knowing how to do this takes very ex 
perienced people ... and we have them 
Our people are the best trained, most 
qualified and experienced cineradiolog) 
specialists in the world. And their know- 
how is an important reason why our 
Cinegram images are usually so superic 

"Most cardiologists tell us that 
Cinegram lets them see things they ve 
never seen before. And that's true whethi 

they had asked us to give them more 
black-and-white contrast .. . greater 
smoothness in the gray tones ... Sharpe 
definition . . . or just overall detail, We re 
able to give them the type of image they 
prefer with the ILFORD Cinegram Syster 

"Keeping that image always on target 
is of course also essential. That's 
where our Cinegram Quality Control 
Program comes in. As far as | know, no 
one else in this business goes so far wit 
their quality control program. But we do 
because it's important. Again, its 
that attitude of never just settling for a 
compromise." 

To learn more about the ILFORD 
Cinegram System, call or write 
ILFORD Inc., Medical Imaging Division 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000. 


ILFORD 


For diagnosticians 
who really care about quality. 


IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING.. 















The patient's ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are 
now within normal limits. Blood 
pressure readings are on the low 
side and the patient’s pulse rate 
is down to80 beats per minute. 
The atrial gallop sound can 
no longer be heard. 
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BUT THESE MAY NOT. 





You've assured the patient, time 
and again, that he's making ex- 
cellent progress, that all signs 
point to a marked improve- 
ment in his condition. He 
seems to understand... 
and yet, his 












| excessive 
anxiety and 
psychic tension continue 
to pose problems. 






tive Valium (diazepam) can 
/ be particularly useful. Valium 


feel distinctly calmer in hours, 
usually report significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 
and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 


anxietv-linked insomnia so often 


seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve "night- 
time apprehensions" and 
encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 


For patients like this, adjunc- 


works promptly: patie ents often 


cardiac glycosides, anticoagu- 
lants, diuretics and vasodilators. 
An especially important advan- 
tage: Valium (diazepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient's need for psychotropic 
medication is also recommended. 


VALIUM. 


Ro de 


2-mg, m mg, 10-mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


diazepam 























Before prescribing, please see following 
page for a summary of product information. 















Before prescribing, please 
consult complete product 
information, a summary of 
which follows: 

Indications: Tension and anxiety 
associated with anxiety disorders, 
transient situational disturbances 
and functional or organic disorders; 
psychoneurotic states manifested by 
tension, anxiety, apprehension, fatigue, 
depressive symptoms, or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in skeletal mus- 
cle spasm due to reflex spasm to loca! pathology; 
spasticity caused by upper motor neuron disor- 
ders; athetosis; stiff-man syndrome; convulsive 
disorders (not for sole therapy). 

The effectiveness of Valium (diazepam/Roghe) in long- 
term use, that is, more than 4 months, has not been assessed by system- 
atic clinical studies. The physician should periodically reassess the : | E 
usefulness of the drug for the individual patient. speech, tremor, vertigo, urinary retention, blurred vision. Paradoxical 
Contraindicated: Known hypersensitivity to the drug. Children under 6 reactions such as acute hyperexcited states, anxiety, hallucinations, 
months of age. Acute narrow angle glaucoma; may be used in patients increased muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
with open angle glaucoma who are receiving appropriate therapy. tion have been reported; should these occur, discontinue drug. Isolated 
Warnings: Not of value in psychotic patients. Caution against hazardous reports of neutropenia, jaundice; periodic blood counts and liver function 
occupations requiring complete mental alertness. When used acjunctively tests advisable during long-term therapy. 


in convulsive disorders, possibility of increase in frequency and/or severity 
of grand mal seizures may require increased dosage of standard anti- (ROCHE Roche Laboratories 
® 


Precautions: |f combined 
with other psychotropics or anti- 
convulsants, consider carefully 
pharmacology of agents employed; 
drugs such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual 
precautions indicated in patients severely depressed, 
or with latent depression, or with suicidal tendencies. 
Observe usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in elderly and 
, debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypotension, changes in 
libido, nausea, fatigue, depression, dysarthria, jaundice, skin rash, ataxia, 
constipation, headache, incontinence, changes in salivation, slurred 


convulsant medication; abrupt withdrawal may be associated with Division of Hoffmann-La Roche Inc 
temporary increase in frequency and/or severity of seizures. Advise Nutley, New Jersey 07110 

against simultaneous ingestion of alcohol and other CNS depressants. 

Withdrawal symptoms similar to those with barbiturates and alcohol have 

been observed with abrupt discontinuation, usually limited to extended 


use and excessive doses. Infrequently, milder withdrawal symptoms have ® 
been reported following abrupt discontinuation of benzodiazepines after 

continuous use, generally at higher therapeutic levels, for at least several 

months. After extended therapy, gradually taper dosage. Keep addiction- 

prone individuals under carefu! surveillance because of their predisposi- IV 
tion to habituation and dependence. 


Usage in Pregnancy: Use of minor tranquilizers during the first 
trimester should almost always be avoided because of in- 


LJ 
creased risk of congenital malformations as suggested in 
several studies. Consider possibility of pregnancy when la / C^ a | | | CX e 
instituting therapy; advise patients to discuss therapy if they 


intend to or do become pregnant. 2-mg, 5-mg, 10-mg scored tablets 





THERMODILUTION CARDIAC THERMODILUTION 
OUTPUT COMPUTER CATHETERS 


Injectate Lumen 












30 cm proximal — 7 F 
MODEL 15 cm eonun 
Latest bedside 
cardiac output y A 
computer monitoring f \—Markin s | 
gs. 1% —— 
technology | every 10 cm E | Balloon Inflated 
Inflation 
Ne Syringe Balloon 
MODEL : Thermistor fe CVP- 
a Connections Proximal - 
3501 EM z UN. ie 
Companion auto- x 
matic recorder for ES = 
thermodilution curve. ES i 
E Thermistor 
Features: A E 
e ACCURATE cardiac outputs e AUTOMATIC body and i 
— adult and pediatric ranges injectate temperatures e Convenient and complete œ Tapered tip — pressure fidelity 
e SIMPLE pushbutton e AUTOMATIC thermal curve sterile packaging and introduction 
operation recording e Precalibrated and e Thermistor located inside J 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents P. A. wall contact 
calibration and temperature e Adult, pediatric and direct e Balloon protection shield 


e SERVICEABLE — interchangeable circuitry placement sizes 


For Additional Information, contact Ross Linnemann 


KMA, INC. 

150 Coolidge Avenue 
Watertown, Massachusetts O1172 
(800) 225-3080 

In Mass. call: (617) 926-6151 





The Use of Nonhuman Primates in Cardiovascular Diseases 


Edited by S. S. Kalter 


The papers presented in this volume cover a wide 
range of specialties including biochemistry, physi- 
ology, pharmacology, genetics, and behavior as 
they relate to cardiovascular abnormalities. 


A few of the topics covered in the major papers 
are comparative biochemistry of lipoproteins; com- 


A 







il 


! 


s= parative pathology of experimental atherosclerosis; 
e PL comparative arterial ultrastructure in nonhuman pri- 
p^ mates and man; endothelium platelets; smooth 

= muscle cells and lipoprotein interaction; and regres- 


sion of atherosclerosis in nonhuman primates. The 
authors represent many of the outstanding re- 
searchers in the biomedical field. 


495 pp., 62 line drawings, 25 b&w photos, 60 tables 
ISBN 0-292-78510-0, $35.00 


VAS) *v* 


University A is Press 
POST OFFICE BOX 7819 AUSTIN, TEXAS 78712 
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THE 
PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


LIBI SHERF, MD 
HENRY N. NEUFELD, MD 


Announcing 
thecomprehensive study of... 
the most fascinating syndrome 


in Cardiology... 
dd THE 


PRE-EXCITATION SYNDROME: 


FACTS AND THEORIES 
Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center. Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiting Assoc. 
Professor, Dept. of Medicine, University of Alabama 


YORKE MEDICAI. BOOKS 





Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel 
Aviv—Sackler School of Medicine 


$33.00 SEPTEMBER 1978, 288 PAGES, 110 ILLUS, 1,000 REF. 


Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
_ drome. Here Are Just a Few Reasons Why This is so Essential: 


' of all pre-excitation cases are misdiagnosed. 
5% to 10% of all tachycardias in adults are produced by pre-excitation. 
In ¥2 of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 
¥3 to V2 of all children with pre-excitation have an additional heart dis- 
= Gaso: 
-Starting with Wolff, Parkinson and White's classic paper, this book gives a 
- comprehensive summary of all important facts of pre-excitation, plus the 
authors’ personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


LI C EREROS 


"What is offered richly in this book is a methodical and comprehensive analysis of 
virtually all currently available knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriously interested in the 
Wolff-Parkinson-White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 


The 13 Chapters Are a Comprehensive Summary 


1. General Considerations 

2. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 

3. The Electrocardiogram in the Pre-excitation 

Syndrome: Disturbances of Rate and Rhythm 

. Pathology 

. Noninvasive Methods of Investigation 

. Invasive Methods of Investigation 

. Prognosis 

. Treatment 

. Problems of Diagnosis — Some Illustrative 

Cases 

10. Summary of Findings and Theories of Pre- 
excitation Syndrome 

11. Concept of Interacting Structural and Func- 
tional Factors 

12. Explanation of Some Phenomena of the Pre- 
excitation Syndrome by the Proposed Concept 

13. Various QRS Patterns in the Different Forms 
of Pre-excitation 


«o co -C» cn A 


Obtain your copy of 

THE PRE-EXCITATION SYNDROME 
on approval for 30 days 

by sending in 

the order form TODAY 








AJC 4/80 


[] Bill me plus cost of shipping 
O Payment enclosed, publisher pays for shipping 


[] Charge my credit card Expire date 





O MasterCharge O Visa 


Card No. 





H New York residents add sales tax. Outside Western Hemisphere prepay in 
Yorke Medical Books U.S. funds or charge to credit card and add $5.00 per copy 


666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYN- NAME — 


DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. 


ADDRESS. .— à "S nru 
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100% Sunflower Oil 





the highest of all 
leading polyunsaturated oils 
you can recommend 







Rx: for your cholesterol patient 


Sunlite.. 

is light, tasty, and provides the highest in 
polyunsaturates of all leading cooking 
oils — even corn oil. Included in your 
restricted fat/cholesterol dietary regimens, it 
can help lower serum cholesterol. 
Nutriologic study shows that: "The addition 
of polyunsaturated oils [e.g. Sunlite] will 
have a cholesterol lowering effect which is 
about half the cholesterol raising effect of 
saturated fats. `! 


Sunlite.. 

can help improve the Polyunsaturated to 
Saturated Fat (P/S) Ratio. After reducing the 
total fat intake from 40 to 30 per cent of 
calories, saturated fat from 18 to 9 per cent, 
and dietary cholesterol from 700 to 400 
mg/day, an increase in the P/S ratio from 0.4 
to 1.5 effected approximately a 16 per cent 
reduction of serum cholesterol when 
accompanied by weight loss.’ In another 
study, increasing the P/S ratio from 0.3 to 1.2 
produced comparable lowering of 

serum lipids? g 


„D 5 28 





for food thats medically sound 
and tastefully done 


Hunt-Wesson Foods, Inc. 


1645 West Valencia Drive 
Fullerton, California 92634 





References: 
1. Albrink, M. J., in Beeson, P. B., and McDermott, W. (Editors): Textbook of 
Medicine (ed. 14), Philadelphia, W. B. Saunders Company, 1975, p. 1385. 
2. Hill, P, and Wynder, E. L.: J.A.D.A. 68:25-30 (Jan.) 1976. 
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We've been putting ideas 

to work at Telectronics for over 
eighteen years, years in which the 
future for patients requiring 
implanted pacemakers has grown 
steadily brighter. 


The future. It's where we've always been. 


Some of these Telectronics ideas have set 
universal standards in pacemaking: monolithic 
integrated circuitry and the hermetically sealed 
titanium case for example. Innovations like 
these represent measured steps, each carefully 
researched, tested and retested before being 
accepted for Telectronics pacemakers. 


Our technology has been proven by the Slimline 16 

and programmable 17 series. Now it's incorporated in 
the new 18 series to continue a record of reliability 

and experience that means confidence to physicians and 
patients all over the world, a world we are helping shape 
at manufacturing facilities in the United States, 

France and Australia. 


At Telectronics, we'll continue looking ahead 
to a future with many exciting possibilities, and 
we're bringing them closer 


to you every day. 


USA. Canada 
8515 East Orchard Road, Englewood, Colorado 80111 6299 Airport Road. Mississauga. Ontario L4V1N3 (416) 676-9805 
(800) 525-7001. Inside Colorado, (303) 779-4670 
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Europe .. Australia (and the rest of the world) 
35 Ivor Place, London NW1, UK (Telex: (51) 27950) 2 Sirius Road, Lane Cove, Sydney, NSW 2066 (Telex: Medpak AA20576) 
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i E» drug 


reference? 
If it's not MODERN DRUG 
ENCYCLOPEDIA, you can't be sure. 


MODERN DRUG ENCYCLOPEDIA 

and Therapeutic Index 15th Edition 
Arthur J. Lewis, MD, Executive Editor 

Gertrude Dittus Bonzales, R.Ph., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 

An independent team of pharmacists and physicians has research- 
ed and edited all the facts on 3,000 prescription drugs. They pass 
this research on to you in an easy to absorb style that's perfectly 
suited to the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Only print material the manufacturer pays to have included. 
Here's what careful planning does for MODERN DRUG 
ENCYCLOPEDIA: 

* limits entries to prescription drugs. 

* lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
alphabetic sequence. 

* arranges entries by generic name. All brand names in one place. 

* written in concise language for quick comprehension 

* designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 

The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 

Three a-z indexes provide instant access to all the material found 
in the main secton as follows: 

* GENERAL INDEX of all brand generic names in a-z sequence. 
* THERAPEUTIC INDEX of which drugs are prescribed for which 


purpose. Allows you a wide selectin of therapy based on your pa- 

tient's special needs. 

* MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 

And, our Free Updating Service informs you of changes in 
specifications and introduces new drugs. You receive them free 
of charge until the publication of the next (16th) Edition 

Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner's need for concise, easy to read information on prescription 
drugs 








YORKE MEDICAL GROUP, 666 Fifth Avenue, NY. NY 10019 | 
| Please send me a copy of the all-new 15th Edition of MODERN | 
| DRUG ENCYCLOPEDIA and enter my two year free subscription | 
| to the Periodic Updating Service. If this new edition is the best 

drug information reference for practitioners available, | will | 
| remit $38.95, plus shipping. Otherwise, | will return it within 30 | 
I days and owe nothing. 
| O Check here if enclosing $38.95 now as full payment. | 

Publisher pays shipping. Same return guarantee 
| O Charge my credit card: O Master Charge [O Visa. | 
f Card Noro ee 8 Eare gate | 
| NAME | 
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When the compromised arrhythmic 
patient needs round-the-clock, 
year-after-year protection 

Q 9324 E plu 

(quinidine gluconate ute 
CONTRAINDICATIONS: 
Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, or 
intraventricular conduction defects. 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement, particu- 
larly with congestive failure, poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 

In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
bya phn kak reduction in the degree 
of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously. 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache, nausea, disturbed 
vision may ap ro in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 
ic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
s amelie Sars Reactions: Angio- 
ema, acute asthmatic episode, vascu- 
lar collapse, respiratory arrest. 

See package insert for full information. 
REEX toes Inc. 
Cedar Knolls, New Jersey 07927 


9224 mg 


(quinidine gluconate) 


when the arrhythmic patient 
requires long-term 
maintenance therapy 





PIS NEW POROUS TIP 
EAD: THE PROBLEM SOLVER 


PI addressed the problem of 
ead dislodgement and designed 
he problem solver: a unique 
Vel (oV electrode. The tip 
onsists of a platinum-iridium 
; creen covering a mesh ball of 
he same alloy. Optimally-sized 
ibers give 85-90% porosity so 
issue ingrowth knits the tip to 
he endocardium. Within 24 
ours post-implant, the 


lectrode begins its embedment. 


linical studies have demon- 
trated markedly reduced 
lislodgement with the porous tip 
ead. In animal trials, the 
lislodgement rate was signif- 

antly lower than the solid tip 
ontrol group.' 


istologic studies show tissue 

growth in the acute phase, 
esulting in a secure electrode- 
issue bond chronically, with a 
Oticeably thinner and more 
tructured fibrotic capsule that 

creases sensing capability. 


or pacing the 7.5mm?tip offers 

duced current drain, increas- 
g the longevity of constant 

oltage pulse generators. 


1979 Cardiac Pacemakers, Inc. 


For sensing the tip’s porosity 
allows maximum use of the 
effective sensing area—more 
than 50mm?—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, so it offers a sensing 
advantage. 


The platinum-iridium mesh 
fibers are 25m in diameter, 
approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
Structured, further indication of 
this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
Te EE E D pe] LOT E IT EAEL 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate... 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 


— ~~ Ea 


Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
LER e AA ET CLE met 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 


allowed electrode ingrowth to begin. 


Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 microns in 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 40um in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25um in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 


ep 


INVOLVED IN MANKIND 


1. Amundson, D., McArthur, W., Mosharra 
M.: The porous endocardial electrode, PAC 


2: January-February, 1979. 


2. Coleman, D., King, R. and Andrade, . 
The foreign body reaction: A chronic 
inflammatory response, J. BIOMED. MA 


RES., 8:199, 1974 
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Announcing 
the SKI M-mode to Realtime 
Conversion Program. 








A unique opportunity for witha full one-year warranty | 
owners of the Ekoline 20A. at a price which is bound to 


match your needs and budget. 
There'll never be a better 


time to expand your M-mode 
¿system to scanning. 
Heres what we'll do to help. 
We will exchange your Eko- For more details, call toll-free 
line 20A M-mode system for a 800-538-1556. In California, call 
new factory assembled and calibrated Eko- collect 408-732-6000. Or return this coupon. 
Sectorl'two-dimensionalscanning system =m = mem m umm m m m m m m m m m 


<I 


a SmithKline company 


Take advantage of this 
special offer today. 





SmithKline Instruments, Inc. 
880 West Maude Avenue 
Sunnyvale, CA 94086 








Please contact me immediately with 
complete information about your 
M-mode to EkoSector I Conversion 
Program. Please phone me at ( ) 
to arrange a time. 





Name 





Hospital/Clinic 





Street 





City State Zip 


Other SmithKline offices: Australia— 
Brookvale, N.S. W.; Canada— Mississauga, 
Ontario; Latin America/Far East — 
Sunnyvale, California; England —Welwyn 
Garden City, Hertfordshire. 





For ventricular arrhythmias. 
For atrial arrhythmias. 

For smooth, irouble-free conversion. 
For steady maintenance. 


4 Greater Gi tolerance 
than with quinidine sulfate 
rj Full quinidine cardiodynamics 


© Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medica! 
Practice, ed, 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atria! 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms Cue to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV bicck to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the doso may be increased 
by Ve to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night wili be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 211278 


o7, Y: 4»jlo]molchf 


Left Ventricular Aneurysm: Diagnosis and Evaluation of Surgery 
Review of Two Dimensional Echocardiography 
Intraaortic Balleon Pumping in Postoperative Low Output Syndrome 
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many 
hypertensives 
have 
benefited 
year after 
year 

















cardiovascular 
benefits 





practical 
benefits 





cardiac output usually maintained e effects on daily activities usually minimal: 
. : . There is less frequent symptomatic postural hypotension with 

sodium and fluid retention ALDORIL than with many other antihypertensive agents. Exercise 

generally controlled hypotension and diurnal blood pressure variations rarely occur. 


two highly effective e greater dosage convenience: a b.i.d. regimen is 
possible for many patients 


complementary agents e four dosage strengths: offer the widest range of 


As a fixed combination, ALDORIL is not indicated for initial dosage strengths available in a combination antihypertensive 
therapy since hypertension requires therapy titrated to the TABLETS 

individual patient. If an available strength of ALDORIL meets ALDORIL -25 containing 250 mg ALDOMET* (Methyldopa, MSD) 
the patient's titrated needs, the combination drug may be and 25 mg HydroDIURIL* (Hydrochlorothiazide, MSD) 

more convenient in patient management. Therapy should be TABLETS 

reevaluated as necessary. ALDORII? -15 containing 250 mg ALDOMET" (Methyldopa, MSD) 


ALDORIL is contraindicated in active hepatic disease; anuria; sia ds mg HydroDIURIL" (Hydrochlorothiazide, MSD) 
ABLETS 


hypersensitivity to methyldopa or to hydrochlorothiazide or " i | 
other sulfonamide-derived drugs; if previous methyldopa ALDORIP D50 containing 500 mg ALDOMET* (Methyldopa, MSD) 
and 50 mg HydroDIURIL” (Hydrochlorothiazide, MSD) 


therapy has been associated with liver disorders. In patients 





with renal disease, thiazides may precipitate azotemia. Use ‘ALDORII?D30 containing 500 mg ALDOMET* (Methyldopa, MSD) 
with caution in patients with severe renal disease or impaired and 30 mg HydroDIURIL" iu okhlorothiatide MSD) ; ; 

hepatic function. | M S D 
It is important to recognize that a posi- MERCK 


tive Coombs test, hemolytic anemia, 

and liver disorders may occur with ® SAVES 
methyldopa therapy. The rare occur- 

rences of hemolytic anemia or liver 

disorders could lead to potentially 


fatal complications unless properly containing methyldopa and hydrochlorothiazide 
recognized and managed. For more 


details, see the brief summary of The most prescribed 


prescribing information. 


B uroedey combination antihy pertensive 
of prescribing information, > 
please see following page. 1n the U. S. today 


Antihypertensive TABLETS Antihypertensive TABLETS 
ALDORIL* D50 ALDORIL* D30 
methyldopa 500 mg and methyldopa 500 mg and 


hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 


nct WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. If the fixed 


combination represents the dosage so determined, its use may De more convenient in 
patient management. The treatment of hypertension is not static, but must be 
reevaluated as conditions in each patient warrant. 





Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis; 
if previous methyldopa therapy has been associated with liver disorders (see Warnings): 
anuria; hypersensitivity to methyldopa or to hydrochlorothiazide or other sulfonamide- 
derived drugs. 


Warnings: METHYLDOPA —It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic anemia or liver disorders could 
lead to potentially fatal complications unless properly recognized and 
managed. Read this section carefully to understand these reactions. 


With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily 
dosage of 1 g or less. This on rare occasions may be associated with hemolytic anemia, 
which could lead to potentially fatal complications. One cannot predict which patients with 
a positive direct Coombs test may develop hemolytic anemia. Prior existence or 
development of a positive direct Coombs test is not in itself a contraindication to use of 
methyldopa. If a positive Coombs test develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the positive Coombs test may be a problem. 
For example, in addition to a positive direct Coombs test there is less often a positive 
indirect Coombs test which may interfere with cross matching of blood. 


At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit, 
hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia occurs, the cause may be methyldopa and 
the drug should be discontinued. Usually the anemia remits promptly. If not, 
corticosteroids may be given and other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug should not be reinstituted. When 
methyldopa causes Coombs positivity alone or with abs y anemia, the red cell is 
usually coated with gamma globulin of the IgG (gamma G) class only. The positive 
Coombs test may not revert to normal until weeks to months after methyldopa is stopped. 


Should the need for transfusion arise in a patient receiving methyldopa, both a direct and 
an indirect Coombs test should be performed on his blooc. In the absence of hemolytic 
anemia, usually only the direct Coombs test will be positive. A positive direct Coombs test 
alone will not interfere with typing or cross matching. If the indirect Coombs test is also 
positive, problems may arise inthe major cross match and the assistance of a hematologist 
or transfusion expert will be needed. 


Fever has occurred within the first three weeks of therapy, sometimes with eosinophilia or 
abnormalities in one or more liver function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, cephalin cholesterol flocculation, 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever, may 
occur, with onset usually within the firsttwo to three months of therapy. In some patients the 
findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has been 
reported. These hepatic changes may represent hypersensitivity reactions; periodic 
determination of hepatic function should be done particularly during the first 6 to 12 weeks 
of therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function 
tests, or jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the 
temperature and.abnormalities in liver function characteristically have reverted to normal 
when the drug was discontinued. Methyldopa should not be reinstituted in such patients. 


Rarely, reversible reduction of white blood cell count with primary effect on granulocytes 
has been seen. Reversible thrombocytopenia has occurred rarely. When used with other 
antihypertensive drugs, potentiation of antihypertensive effect may occur. Follow patients 
carefully to detect side reactions or unusual manifestations of drug idiosyncrasy. 


HYDROCHLOROTHIAZIDE— Use with caution in severe renal disease. In patients with 
renal disease, thiazides may precipitate azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with caution in patients with impaired hepatic 
function or progressive liver disease, since minor alterations of fluid and electrolyte 
balance may precipitate hepatic coma. May add to or potentiate action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with or without a 
history of allergy or bronchial asthma. Possibility of exacerbation or activation of systemic 
lupus erythematosus has been reported. Lithium generally should not be given with 
diuretics because they reduce its renal clearance and add a high risk of lithium toxicity; 
read circulars for lithium preparations before use of such concomitant therapy. 


Pregnancy and Nursing: Use of any drug in women who are or may become pregnant 
requires that anticipated benefits be weighed against possible risks. 

Methyldopa and thiazides cross the placental barrier and appear in cord blood. 

No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 

The hazards of thiazides crossing the placental barrier include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred in adults. 
Methyldopa and thiazides appear in breast milk. Patients taking ALDORIL should not 
nurse. 

Precautions: METHYLDOPA— Should be used with caution in patients with history of 
previous liver disease or dysfunction (see Warnings). May interfere with measurement of 
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Antihypertensive TABLETS Antih 


tensive TABLETS 
ALDORIL®-25 ALDORIL®-15 
methyldopa 250 mg and methyldopa 250 mg and 


hydrochlorothiazide 25 mg — hydrochlorothiazide 15 mg 


urinary uric acid by the phosphotungstate method, serum creatinine by the alkaline picrate 
method, and SGOT by colorimetric methods. Since methyldopa causes fluorescence in 
urine samples at the same wavelengths as catecholamines, falsely high levels of urinary 
catecholamines may be reported. This will interfere with the diagnosis of pheo- 
chromocytoma. It is important to recognize this phenomenon before a patient with a 
possible pheochromocytoma is subjected to surgery. Methyldopa is not recommended for 
patients with pheochromocytoma. Urine exposed to air after voiding may darken because 
of breakdown of methyldopa or its metabolites. Involuntary choreoathetotic movements 
have been observed in patients with severe bilateral cerebrovascular disease. If such 
movements occur, stop the drug. Patients may require reduced doses of anesthetics; 
hypotension occurring during anesthesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients on methyldopa because the drug is 
removed by this procedure. 


HYDROCHLOROTHIAZIDE— Perform periodic determination of serum electrolytes to 
delect possible electrolyte imbalance. Observe all patients for evidence of fluid or 
electrolyte imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly important when patient is 
vomiting excessively or receiving parenteral fluids. Warning signs or symptoms of fluid 
and electrolyte imbalance include dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as nausea and vomiting. 
Hypokalemia may develop, especially with brisk diuresis, in severe cirrhosis, with 
concomitant corticosteroids or ACTH, after prolonged therapy, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to toxic 
effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be avoided or 
treated by use of potassium supplements, such as foods with a high potassium content. 
Although any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease), 
chloride replacement may be required in metabolic alkalosis. Dilutional hyponatremia 
may occur in edematous patients in hot weather; appropriate therapy is water restriction, 
rather than administration of salt, except in rare instances when the hyponatremia is life 
threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or acute gout may be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the drug may be enhanced in postsympathec- 
tomy patients. May decrease arterial responsiveness to norepinephrine; this diminution is 
not sufficient to preclude effectiveness of the pressor agent for therapeutic use. If 
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CHEWABLE SORBITRAT 


(ISOSORBIDE DINITRATE) omg. or 10 mg. 


dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 









Indications: Based on a review of this drug by The 
National Academy of Sciences— National Re- 
search Council and/or other information, FDA has 
classified the indications as follows: 

“Probably” effective: The chewable dosage form 
of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 


Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 











nitrates may occur 
Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension: individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect): drug rash and/or 
exfoliative dermatitis 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 


U 





severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE. 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 
Division of ICI Americas Inc. 
Wilmington, DE 19897 
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CLINICAL STUDIES 


923 Prospective Study of Surgery for Left Ventricular Aneurysm 
RICHARD T. FROEHLICH, HERMAN L. FALSETTI, DONALD B. DOTY AND MELVIN L. MARCUS 


In this prospective study of the effects of surgery for ventricular aneurysm on left ventricular function in 18 con- 
secutive referred patients, all improved significantly in functional class, but only 4 (22 percent) had either an in- 
creased ejection fraction or a reduction greater than 10 percent in end-diastolic volume. Postoperative left ven- 
tricular end-diastolic pressure remained unchanged. The amount of tissue resected correlated poorly with the 
noncontractile area visualized on contrast angiography. In one third of the patients with angiographic evidence 
of left ventricular aneurysm, a resectable aneurysm was not found at operation. Since 16 of the 18 patients had 
both resection and coronary bypass grafting, these results reflect mainly the efficacy of the combined proce- 
dures. The overall results indicate a relatively small surgical risk and a good functional improvement which is not 
necessarily related to substantial improvement in overall left ventricular function. 


932 Left Ventricular Aneurysm and Congestive Heart Failure: Value of Exercise Stress and Isosorbide 
Dinitrate in Predicting Hemodynamic Results of Aneurysmectomy 


JOHN D. STEPHENS, DUNCAN S. DYMOND, DAVID L. STONE, GARETH M. REES and 
ROWORTH A. J. SPURRELL 


Using the hemodynamic response to exercise stress after the administration of isosorbide dinitrate in 12 patients 
with chronic congestive heart failure before and after left ventricular aneurysmectomy, this study found that a 
reduction in left ventricular filling pressure from 25 to 17 mm Hg at rest and from 39 to 32 mm Hg during exercise 
was the principal benefit of the operation, therapy relieving dyspnea at rest. It failed to improve significantly left 
ventricular performance during exercise. There was no significant change in mean stroke volume index at rest 
or during exercise. This operation may be indicated to relieve dyspnea at rest and appears of most benefit to pa- 
tients with more severely compromised function of the contractile section of the left ventricle. Aneurysmectomy 
to relieve symptoms of congestive heart failure should be performed with caution in patients with better function 
of the left ventricular contractile section. 


940 High Serum Chromium Levels After Cardiac Valve Replacement: Clinical Significance and 
Metabolic Effects 


JOACHIM MANTHEY and WOLFGANG KÜBLER 


Serum chromium levels of 2.54 + 0.20 ng/ml in patients with a Starr-Edwards metallic ball prosthesis greatly 
exceeded normal limits (0.43 + 0.3 ng/ml). The most likely explanation for this difference is a continuous deliv- 
ery of chromium into the bloodstream from the metallic parts of the prosthesis. The elevated serum chromium 
levels after valve replacement decreased during the postoperative period. The red cell chromium content was 
only 15 percent higher than control values. Levels in patients with a Starr-Edwards plastic ball or Bjork-Shiley 
prosthesis did not differ significantly from control values. Additional studies showed these elevated serum chro- 
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sugar-coated 


Slew- 
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(potassium chloride) 
slow-release tablets 8 mEq 


When compliance with liquid K 
supplements is a problem* 


The test of time 
H. Mitchell Perry, M.D., recently 


summed up the current thinking on Slow-K: 


“There was some question in the 
beginning as to whether 
a tablet like Slow-K might 
induce ulceration of the 
kind that had been induced 
with earlier solid potassium 
tablets, but this has now 
been resolved and there is 
no real evidence that it 
does.” 


The test of taste 


A leading cardiology 
textbook clearly defines why 
Slow-K has won acceptance 
from more and more patients who require 
a potassium supplement: 

“All liquid potassium preparations are 
associated with some incidence of unpleas- 
ant side effects such as unpalatability, 
nausea, vomiting, abdominal cramps, and 
occasionally diarrhea." 

However, Slow-K ". . . appears to 
have greater patient acceptability than 
comparable doses of liquid potassium 
chloride compounds." 


Easier to take 


The convenience of Slow-K means 
better compliance. Many patients may 
prefer to take four or six Slow-K tablets a 
day than an equal dosage of liquid 
potassium.? Slow-K can be taken at 
mealtime — or anytime. There are no 
bottles to carry around, no measure- 
ments needed, and nothing to mix. 





Fewer GI problems 


In one comparative study, Slow-K 
caused less nausea, heartburn, and 
diarrhea than liquid KCl preparations." 


The “salt of choice" 
(potassium chloride) 


Slow-K provides what 
The Lancet has called the 
“salt of choice”’°—potassium 
chloride—to correct the 
hypokalemic alkalosis that 
may result from long-term 
use of diuretics. 


*Slow-release potassium chloride tablets 
should be reserved for patients who cannot 
tolerate, refuse to take, or have compliance 
problems with liquid K preparations 
because of reports of GI ulceration and 
bleeding with slow-release KCI tablets (total 
number of GI lesions in both foreign countries 
and the United States remains less than 

one per 100,000 patient-years). The incidence of lesions with 

enteric-coated KCI tablets is 40-50 per 100,000 patient-years. 
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hypertension, in The Heart (ed. 4), Hurst JW, Logue RB, Schlant 
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4. Tarpley EL. Controlled-release potassium supplementation. 
Curr Ther Res 1974 (July); 16(7):734-741. 
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,(7889):1123-1124. 
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 SLOW-K 9 
(potassium chloride) slow-release tablets 


DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
sium within the gastrointestinal tract. 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium 
is inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites: states of 
aldosterone excess with normal renal function: potassium-losing nephropathy, 
and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, and, if hypokalemia occurs, dietary supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with potassium salts may be indicated 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest Hyperkalemia may 
complicate any of the following conditions: chronic renal failure, Systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg, spironolactone, Irramterene) 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. In these instances, potassium supplementation should be with a 
liquid preparation. 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
Stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium depie- 
lion. In interpreting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
Serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient. 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
lions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult is 40 to B0 mEq per day 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypckalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 

Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
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Consult complete product literature before prescribing. 128-01503-01 


CIBA Pharmaceutical Company 


Division of CIBA-GEIGY Corporation 
Summit. New Jersey 07901 C I B A 


NITROSTAT® 
(nitroglycerin tablets, USP) 


INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 

used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 

should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use. Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 

Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages of four bottles of 25 tablets each. 

0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0568-13— 
Convenience Package. 

0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0569-13— 
Convenience Package. 

0.4 mg (1/150 grain): N 0071-0570-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0570-13— 
Convenience Package. 

0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
Ctn. of 10 bottles of 100 tablets; N 0071-0571-13— 


Convenience Package. YF 
PARKE-DAVIS 

Div of Warner-Lambert Co 

Morris Plains, NJ 07950 USA PD-JA-0143-1-P (4-80) 
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*Fivé-year expiration date when stored at recommended 
storage conditions in an unopened bottie, Data on file. 


For brief summary of the prescribing information, please see 
© 1980 Wamer-Lambert Company Parke-Davis. 
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mium levels did not decrease fasting lipid and glucose concentrations. In this sample there was no evidence that 
a chromium deficiency plays an important role in the development of elevated lipid and glucose levels. The de- 
termination of serum chromium levels may be helpful for evaluation of prosthetic valve function. 


945 Platelet Function Studies in Coronary Artery Disease. VII. Effect of Aspirin and Tachycardia Stress on 


Aortic and Coronary Venous Blood 


JAWAHAR MEHTA, PAULETTE MEHTA, CARL J. PEPINE and C. RICHARD CONTI 


In 10 patients with coronary artery disease orally administered aspirin (650 mg) eliminated the prior differences 
in platelet aggregation and counts between coronary venous and aortic blood at rest and significantly reduced 
the tachycardia-associated increase in coronary venous blood platelet aggregation. These data suggest aspirin 
influences and abolishes the changes that occur in blood platelet function as platelets traverse the atheroscle- 
rotic myocardial vascular bed. They also indicate there may be important relations between coronary artery dis- 
ease, platelet function and stress-induced myocardial ischemia. Modification of platelet function across the ath- 
erosclerotic myocardial vascular bed by aspirin may have pathophysiologic and therapeutic implications. 


952 Pseudoischemic ‘False Positive" S-T Segment Changes Induced by Hyperventilation in Patients With 


Mitral Valve Prolapse 


JULIUS M. GARDIN, JEFFREY M. ISNER, JAMES A. RONAN, Jr. and SAMUEL M. FOX, III 


Review of the records of 1,678 consecutive patients who underwent forced hyperventilation for 90 seconds and 
treadmill exercise testing revealed ischemic-appearing S-T segment changes after hyperventilation in 28 pa- 
tients (1.7 percent). Further correlation with auscultation, M mode echocardiography and left ventricular and cor- 
onary cineangiography showed that these changes after forced hyperventilation had a high predictive value for 
the presence of mitral valve prolapse, particularly in women. Regardless of the extent of these S-T changes, the 
mechanism by which hyperventilation causes them remains unsolved. However, it appears possible, but not 
confirmed, that some patients with mitral valve prolapse may have an autonomic nervous System predisposition 
for forced hyperventilation to produce ischemic-appearing ST-T wave changes. 


959 The Heart of a Dancer: Noninvasive Cardiac Evaluation of Professional Ballet Dancers 


JERALD L. COHEN, PREM K. GUPTA, EDGAR LICHSTEIN and KUL D. CHADDA 


Professional ballet dancers develop a physiologic pattern of combined left ventricular hypertrophy and increased 
left ventricular internal dimension which are related to the mixed isometric-isotonic nature and total amount and 
intensity of ballet exercise. Male dancers had an increased incidence of the third heart sound; female dancers, 
an increased incidence of sinus bradycardia and sinus arrhythmia. These findings confirm that ballet dancers 
have an athlete’s heart and that many of these cardiac findings in ballet dancers, like those in athletes, are nor- 
mal variants. 


966 Value of the Tricuspid Valve Echogram for Estimating Right Ventricular End-Diastolic Pressure During 
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Vasodilator Therapy 


MARK R. STARLING, MICHAEL H. CRAWFORD, RICHARD A. WALSH and ROBERT A. O’ROURKE 


These data in nine patients with right heart failure and 10 normal subjects suggest that an analysis of morpholog- 
ic changes in the closure motion of the tricuspid valve echogram provide a valuable noninvasive tool for assess- 
ing right ventricular end-diastolic pressure at rest and during acute vasodilator therapy in patients with right heart 
failure. A qualitative assessment of tricuspid valve closure during the A-C segment can be used to estimate right 
ventricular end-diastolic pressure over a wide range. All nine patients with right heart failure had a B plateau or 
hump in the initial resting tricuspid valve echogram when the right ventricular end-diastolic pressure was 9 mm 
Hg or greater, suggesting that this is a good indicator of a right ventricular end-diastolic pressure of this amount 
or greater. 


Continued on page A22 









Treatment of 
ild hypertension - 
an save lives 


Even among patients with DBP in the low 90s, 
systematic therapy significantly 
reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertension | 
Detection and Follow-up Program, slightly more than 7076 had 
mild hypertension (DBP 90-104 mm. Hg).' 


lh BHalf were given systematic and aggressive care in HDFP cen- 
A 15 ters; half were referred to customary sources of medical care. 






















Hygroton 25:5, 


I mAfter 5 years, HDFP found that effective treatment of mild 
Gz hypertension may reduce premature deaths by 20%." 


i As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton** 


The primary agent used by the HDFP 


in an effective low dose 


(chiorthalidone USP) 


Because theres nothing mild 
about mild hypertension 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chlorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient Should Stop nursing 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 


related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chiorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice) 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, fash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored). 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 


electrolyte determinations are particularly important when the patient is vomiting excessively or receiving References: 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H 


present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


Presentalion of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories 


E USV USV Laboratories Inc. 


LABORATORIES Manati, P.R. 00701 
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INDERAL 





(PROPRANOLOL HCI) 





ALONE Excessive exer- 


tions. Emotional upheavals. 
Anxieties. Stress. Catechol- 
amines rise—atrial pace- 
makers overrespond. 

And the ECG reads PAT. Or 
persistent sinus tachycardia. 
Or persistent atrial extra- 
systoles. Consider INDERAL 
(propranolol HCI) alone. 
When conventional measures 
fail, a low 10 to 30 mg dose, 
given t.i.d. or q.i.d., will block 
cardiac beta-receptors from 
excessive catecholamine 
stimulation. Suppress ectopic 
pacemakers. And permit 
resumption of normal sinus 
rhythm. Even when normal 
sinus rhythm has not been 
restored, INDERAL slows con- 
duction in the AV node and 
prolongs its refractory time. 
Slowed AV conduction will 
often block reentry circuits, fo 
help restore sinus rhythm. 





BETTER SOONER 





WITH The ECG reads 


atrial flutter. Or atrial fibrilla- 
tion. You have digitalized 
your patient, but the arrhyth- 
mia is not yet controlled. 
Consider adding INDERAL 
(propranolol HCI). Combined 
with digitalis, it obviates in- 
creasing digitalis dosage to 
toxic levels—while slowing 
the ventricular rate sufficiently 
to achieve control. INDERAL 
also complements the action 
of other agents. Combined 
with quinidine, it allows lower 
dosesofquinidine —reducing 
the need for toxic levels. And 
often, with INDERAL added, 
atrial arrhythmias respond 
when no single agent works 
alone. 





THAN LATER 


i NSTEAD The arrhyth- 


mia is induced by an anti- 
arrhythmic drug such as 
digitalis or quinidine. Persists 
after discontinuance of 

the drug and correction of 
electrolyte imbalance. Con- 
sider INDERAL instead. Often 
the drug of choice, except 
in the presence of serious 
congestive heart failure. 
Often, too, INDERAL (propran- 
olol HCI) abolishes supra- 
ventricular arrhythmias when 
either digitalis or quinidine 
has failed. 


With proper patient 
selection—in the absence 
of contraindications such as 
bradycardia, greater than 
first degree heart block, 
asthma, and congestive 
heart failure unless failure is 
secondary to tachyarrhyth- 
mias treatable with INDERAL— 
serious cardiovascular and 
respiratory side effects are 
seldom encountered? 
Rely on it: INDERAL. Alone. With. 
Or Instead. 


"Please turn the page for brief summary of 


prescribing information on contraindications, 
adverse reactions, and warnings, including 
avoidance of abrupt withdrawal. 


A PRIME CONSIDERATION FOR SUPRAVENTRICULAR ARRHYTHMIAS 


® 


(PROPRANOLOL HCI 


4A0mg and 20mg tablets 


Ayerst. 


—————— ! | DEF m mmm 
feng LL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
nderal® BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 
BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


MI ERU RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 


ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug, possessing no other 
autonomic nervous system activity. It specifically competes with beta-adrenergic receptor 
stimulating agents for available beta receptor sites. When access to beta receptor sites is 
blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to beta- 
adrenergic stimulation are decreased proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract, but a portion is im- 
mediately bound by the liver. Peak effect occurs in one to one and one-half hours. fhe biologic 
half-life is approximately two to three hours. Propranolol is not significantly dialyzable. There is 
no simple correlation between dose or plasma level and therapeutic effect, and the dose- 
sensitivity range as observed in clinical practice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. Since there is no reliable test to estimate 
sympathetic tone or to determine whether total beta blockade has been achieved, proper dos- 
age requires titration, 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol exerts its antiarrhythmic effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, particularly, some authorities believe, in digitalis- 
induced arrhythmias. 

Beta-adrenergic blockade is of unique importance in the management of arrhythmias due to 
increased levels of circulating catecholamines or enhanced sensitivity of the heart to catechol- 
amines (arrhythmias associated with pheochromocytoma, thyrotoxicosis, exercise). 

In dosages greater than required for beta blockade, INDERAL also exerts a quinidine-like or 
anesthetic-like membrane action which affects the cardiac action potential and depresses car- 
diac function. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate. systolic blood pressure, and the ve- 
locity and extent of myocardial contraction. On the other hand, propranolol may increase oxy- 
gen requirements by increasing left ventricular fiber length, end diastolic pressure, and systolic 
ejection period. 

If the net physiologic effect of beta-adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased OXy- 
gen requirement. 

INDICATIONS: Cardiac Arrhythmias: 1.) Supraventricular arrhythmias: a) Paroxysmal atrial 
tachycardias, particularly those arrhythmias induced by catecholamines or aan or asso- 
ciated with the Wolff-Parkinson-White syndrome. (See W-P-W under WARNINGS.) b) Persistent 
sinus tachycardia which is noncompensatory and impairs the well-being of the patient. 

C) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress or increased 
hazard and when immediate effect is necessary as adjunctive, short term (2-4 weeks) therapy. 
May be used with, but not in place of, specific therapy. (See Thyrotoxicosis under WARNINGS ) 
d) Persistent atrial extrasystoles which impair the well-being of the patient and do not respond 
to conventional measures. e) Atrial flutter and fibrillation when ventricular rate cannot be con- 
trolled by digitalis alone, or when digitalis is contraindicated. 

2.) Ventricular tachycardias: Ventricular arrhythmias do not respond to propranolol as predict- 
ably as do the supraventricular arrhythmias. a) Ventricular ra es With the exception of 
those induced by catecholamines or digitalis, INDERAL is not the drug of first choice. In critical 
situations when cardioversion technics or other drugs are not indicated or are not effective, 
INDERAL may be considered. If, after consideration of the risks involved, INDERAL is used, it 
should be given intravenously in low dosage and very slowly. (See DOSAGE AND ADMINIS- 
TRATION.) Care in the administration of INDERAL with constant electrocardiographic moni- 
toring is essential as the failing heart requires some sympathetic drive for maintenance of 
myocardial tone. b) Persistent premature ventricular extrasystoles which do not respond to con- 
ventional measures and impair the well-being of the patient. 

3.) Tachyarrhythmias of digitalis intoxication: If digitalis-induced tachyarrhythmias persist fol- 
lowing discontinuance of digitalis and correction of electrolyte abnormaiities, they are usuall 
reversible with oral INDERAL. Severe bradycardia may occur. (See OVERDOSAGE OR EXAG- 
GERATED RESPONSE.) 

Intravenous propranolol hydrochloride is reserved for life-threatenin arrhythmias. Temporary 
maintenance with oral therapy may be indicated. (See DOSAGE AND DMINISTRATION.) 

4.) Resistant tachyarrhythmias due to excessive catecholamine action during anesthesia. 
Tachyarrhythmias due to excessive catecholamine action during anesthesia may sometimes 
arise because of release of endogenous catecholamines or administration of catecholamines. 
When usual measures fail in such arrhythmias, INDERAL may be given intravenously to abolish 
them. All general inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it should be used with 
extreme caution and constant ECG and central venous pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis: INDERAL is useful in the management of hypertrophic sub- 
aortic stenosis, especially for treatment of exertional or other stress-induced angina, palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effectiveness of 
INDERAL in this disease appears to be due to a reduction of the elevated outflow pressure gra- 
dient which is exacerbated by beta receptor stimulation. Clinical improvement may be tempo- 
rary. 

Pheochromocytoma: After primary treatment with an alpha-adrenergic blocking agent has 
been instituted, INDERAL may be useful as adjunctive therapy if the control of tachycardia be- 
comes necessary before or during surgery. 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in use, 
since this would predispose to serious blood pressure elevation. Blocking only the peripheral 
dilator (beta) action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both beta and alpha 
blockade since the combination prevents the increase in heart rate and peripheral vasocon- 
Striction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an adjunct to 
the management of symptoms due to excessive beta receptor stimulation. 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than first degree block; 4) cardio- 
genic shock; 5) right ventricular failure secondary to pulmonary hypertension; 6) congestive 
heart failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL; 7) in patients on cipe el clea or y psychotropic drugs (including MAO 
inhibitors), and curing the two week withdrawal period from such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
circulatory function in congestive heart failure, and inhibition with beta-blockade always carries 
the potential hazard of further depressing myocardial contractility and precipitating cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action o digitalis on the heart 
muscle (i.e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the re- 
sponse observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERÁL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
















followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, followin abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDÉRAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolo! does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for main- 
tenance of adequate cardiac function, beta blockade will impair the desired inotropic effect. 
Therefore, INDERAL should be titrated carefully when administered for arrhythmias occurring 
during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to sur ery, at which time all chemical and phy- 
siologic effects are gone according to available evidence. However, in case of emergency sur- 
gery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be re- 
versed by administration of such agents, e.g., isoproterenol or levarterenol. However, such pa- 
tients may be subject to protracted severe hypotension. Difficulty in restarting and maintaining 
the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g.. CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory ode and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure; intensification 
of AV block; hypotension; paresthesia of hands; arterial insuf iciency, usually of the Raynaud 
type; thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, se- 
rous membranes and conjunctivae reported for a beta blocker (practolol) have not been con- 
clusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DOSAGE AND ADMINISTRATION: The dosage range for INDERAL ís different for each 
indication. 
ORAL 

ARRHYTHMIAS — 10-30 ng three or four times daily, before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg three or four times daily, before meals 
and at bedtime. 

PHEOCHROMOCYTOMA —Preoperatively — 60 mg daily in divided doses for three days prior 
to surgery, concomitantly with an alpha-adrenergic blocking agent. —Management of inopera- 
ble tumor — 30 mg uy in divided doses. 

PEDIATRIC DOSAGE At this time the data on the use of the drug in this age group are too lim- 
ited to permit adequate directions for use. 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg administered under careful 
monitoring, e.g. electrocardiographic, central venous pressure. The rate of administration 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowering blood pressure 
and causing cardiac standstill. Sufficient time should be allowed for the drug to reach the site of 
action even when a slow circulation is present. If necessary, a second dose may be given after 
two minutes. Thereafter, additional drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated adequately in the man- 
agement of hypertensive emergencies. 

OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE, THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS. 

HYPOTENSION— VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS EVI- 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHOSPASM—ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) 

TABLETS: No. 461 — Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. No. 462 — Each scored tablet contains 

20 mg of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 
100. No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. No. 468— Each scored tablet contains 80 mg 
cf propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 100. 
INJECTABLE: No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injec- 
tion. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


AYERST LABORATORIES 
New York, N.Y. 10017 
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This is Station 7 at Memorial 
City General Hospital in Hou- 
ston, Texas, where Abbott's 
new “ACS” Arrhythmia Cen- 
tral is helping unit staff in the 
anticipation and prevention 
of life-threatening cardiac 
events. 


While Station 7 is a gen- 
eral medical floor, many of 
the unit's patients are gradu- 
ates of the Critical Care Unit, 
since many arrhythmias be- 
gin recurring days after a pa- 
tient appears stable. Others 
monitored by the “ACS” are 
Post Op, or persons with 
suspected coronary prob- 
lems who are not ill enough 
to be considered as CCU 
candidates. 


In all cases, the 8-bed 
telemetry system watches for 
and trends arrhythmias that 
can foretell a possible, im- 
pending crisis. Treatment and 
drugs can be prescribed to 
reverse an arrhythmia pat- 
tern and block its recurrence. 


The concept is working 
at Memorial City General. 
And Abbott's new “ACS” 
brings sophisticated and ef- 
fective arrhythmia detection 
within practical reach of all 
hospitals, regardless of size. 









More detailed informa- 
tion is available free from: 
Abbott Medical Electronics 
8330 Broadway, 

P.O. Box 12696 
Houston, Texas 77017 


Station 7 patients are monitored 
by means of battery-powered 
telemetry transmitters. Arrhyth- 
mias are more likely to occur 
with mobile, rather than supine, 
patients. 








Ability to edit arrhythmia criteria if desired is a valuable feature of 
Abbott’s ACS. Operator / System communication is via keyboard 


ABBOTT 


Medical Electronics 
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EXPERIMENTAL STUDIES 


973 Changes in Blood Flow and S-T Segment During Coronary Arterial Occlusion in Denervated and 
Nondenervated Canine Hearts 


MICHAEL J. BARBER, DAVID E. EULER, JOHN X. THOMAS, Jr. and WALTER C. RANDALL 


This canine study demonstrated a significant reduction in left ventricular myocardial blood flow 2 weeks after in- 
trapericardial cardiac denervation probably reflecting decreased metabolic demand and lowered myocardial 
oxygen consumption levels. Yet denervation had no effect on blood flow levels in the right ventricle. Cardiac de- 
nervation also lessened myocardial injury (as induced by S-T segment elevation) and cardiac arrhythmia after 
occlusion of the left anterior descending coronary artery even without an increase in blood flow to the area of 
ischemia, thereby suggesting that such protection is mediated by changes in metabolic demand. 


979 Hemodynamic and Myocardial Consequences of Scorpion Venom 


MOSCHE GUERON, ROBERT J. ADOLPH, INGRID L. GRUPP, MARGORIE GABEL, GUNTER GRUPP and 
NOBLE O. FOWLER 


In these dog experiments the injection of scorpion venom (Leiurus Quingestraitus), a powerful arrhythmogenic 
agent stimulating the autonomic sympathetic nervous system and adrenals, dramatically increased left ventricu- 
lar systolic and diastolic pressures, pulmonary and systemic arterial pressures and left ventricular contractility. 
The pulmonary edema encountered in such envenomation is clearly cardiac in origin and the result of abnormal 
left ventricular hemodynamics. A combination of propranolol and phentolamine proved most effective in revers- 
ing the venom-induced hemodynamic changes. Atropine was effective only when the venom-induced choliner- 
gic effects dominated; it eliminated the cholinergic depressor and arrhythmogenic effects of scorpion venom but 
potentiated the stimulatory sympathetic release. Following scorpion sting supportive treatment to correct the 
byproducts of abnormal gas exchange and acidosis induced by the pulmonary edema is essential. 


METHODS 


987 Diagnosis and Quantification of Aortic Stenosis With Pulsed Doppler Echocardiography 
JAMES B. YOUNG, MIGUEL A. QUINONES, ALAN D. WAGGONER and RICHARD R. MILLER 


Pulsed Doppler echocardiography to assess the presence or absence of turbulent flow (a frequency dispersion 
greater than 1.5 cm on a time interval histographic recording of the Doppler signal) was found to allow objective 
evaluation of the severity of aortic stenosis in 59 patients and may prove an excellent screening technique in pa- 
tients to detect an aortic valve area of less than 1.0 cm?. The technique could not distinguish valve areas 0.70 
cm? or less from those between 0.70 and 1.0 cm?. The overall sensitivity of the technique in detecting such 
valve areas was 92 percent with a specificity of 87 percent. Turbulence was either absent or mild in patients 
with an aortic valve prosthesis. The presence of aortic insufficiency, increased age or left ventricular dilatation 
or failure did not significantly affect the results. 


995 Sources of Variability in Echocardiographic Measurements 


JOEL M. FELNER, BRENT A. BLUMENSTEIN, ROBERT C. SCHLANT, ANTHONY D. CARTER, 
BENJAMIN N. ALIMURUNG, MELVIN J. JOHNSON, STANLEY W. SHERMAN, MARTIN W. KLICPERA, 
MICHAEL H. KUTNER and LOUISE W. DRUCKER 


This experiment to quantify the sources of variability in measurements of echocardiograms of 16 normal volun- 
teers found that variability within and between interpreters can be a significant factor influencing their accuracy, 
especially when small changes in echographic dimensions are assigned significance. For investigative echocar- 
diography the authors recommend that each tracing should be interpreted at least twice by at least two indepen- 
dent echocardiographers. Minimally either each echocardiogram should be read by one interpreter on two sepa- 


Continued on page A27 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachy arrhythmias, and heart block unre 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela- 


tively wide variable service life as a result of factors such as the 


initial capacity of the battery and the shelf st rage time of the 


manufactured pacemaker; variations in electrode system resis 
tances, stimulation rate, and the percentage of time the im 
planted pacemaker is inhibited; and random electronic 
'omponent failures 

Pacemaker operation can be influenced by electric, magne 
ic, or electromagnetic energy mimicking normal cardiac ac 
ivity. In addition, certain environmental sources can c uple 
sufficient energy into a pacemaker system to damage the pulse 
generator. Specifically, diathermy should not be used on 





pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 


cardiac pacemaker system 
For complete precautions, see the Physician's Manual for 





the Intermedics cardiac pulse generator to be used 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 

Neitber of tbe models pictured are cardiac pacemaker 


snif oma fc 





You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith." 





A thinner, lighter pacemaker 
for your patient's well being. 


No one has to tell you that a 
pacemaker implant raises a num- 
ber of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, How much will it show?" 
At Intermedics, we are cognizant 
of this concern. We ve designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you out- 
standing pacemaker reliability ina 
trimmer, more compact size. 

Clinical experience with 
Intermedics unipolar ThinLiths 
demonstrates an average monthly 
failure rate of only 0.0105 per cent 


per montb.* In addition, the lighter 


weight, reduced thickness and 
smoothly rounded corners reduce 
pocket bulge and add to the post- 
operative comfort of your patients. 


Also, the ThinLith design helps to 
reduce skin pressure necrosis and 
the chances of pacemaker migra- 
tion within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those desig- 
ner originals. Contact your 
Intermedics representative for 
more information on the reliability 
of our ThinLith series. 

Typical dimensions of available ThinLiths 
Height Width Thickness Weight Volume 
(cm) (cm) (cm) (g) (cm3) 


ThinLith II 6.0 4.6 1.1 68 27.5 
ThinLith WI 5.1 t.6 1.1 55 22 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 


49 Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


N ME OE R T TM 
Our business is life. 
ThinLith® is a registered trademark of Intermedics, Inc 
OCopvright 1980, Intermedics, Inc., Freeport, Texas 


*Based upon 56,997 device months’ 
experience post first 30 days 


For the special needs 
of patients with hard, dry stools 
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For patients with hard, dry stools 

Hard, dry stools hurt, and may be hazardous 

by causing straining. SENOKOT-S Tablets offer 
comfortable relief by softening the stool and 
stimulating its movement. 

Provides standardized senna concentrate, 

a clinically established laxative of choice 
Standardized senna concentrate is a gentle, 
effective neuroperistaltic stimulant with documented 
effectiveness in thousands of patients. Its virtually 


colon-specific, gentle, predictable action is generally 


free of side effects at proper dosage levels. 





a m 


or softener 


Provides DSS, the classic stool softener 
DSS in SENOKOT-S Tablets complements the 
laxative effect of standardized senna concentrate 
by "moistening" and softening the stool for 
smoother and easier passage. 

Comfortable overnight action 

With DSS and standardized senna concentrate, 
SENOKOT-S Tablets provide both softness and 
stimulation for constipated patients with hard. dry 
stools. Taken at bedtime, SENOKOT-S Tablets 
usually induce predictable, comfortable evacuation 
the next morning. 


Purdue Frederick 
(O Copyright 1979, The Purdue Frederick Company / Norwalk, CT 06856 
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rate occasions or each echocardiogram should be read by two interpreters. Relatively little of the variability can 
be attributed to the technicians if they are experienced. 


1005 Noninvasive Evaluation of Diastolic Filling Patterns in Patients With Atrial Fibrillation by Ejection Time 
and Preceding Cycle Length 


TOSHITAMI SAWAYAMA, SHOSO NEZUO, TSUKASA TSUDA and KAZUHIRO MITANI 


This noninvasive bedside technique of using ejection time and preceeding cycle length appears of value in eval- 
uating the diastolic filling pattern in various conditions with atrial fibrillation and the effect of surgical treatment 
in mitral and pericardial diseases. Pericardial or myocardial restriction is very likely present in a patient with atri- 
al fibrillation, no known heart murmur, and an ejection time (or carotid pulse wave contour) which changes little 
with heart rate. If the correlation coefficient and the slope are higher than —0.90 and — 1.90, respectively, domi- 
nant mitral stenosis is likely; if these are lower than —0.10 and —0.50, respectively, pericardial or myocardial 
restriction is likely. Between these two groups is a miscellaneous group, including congestive cardiomyopathy 
and valve diseases other than mitral stenosis in which ejection time-heart rate relations vary. 


PEDIATRIC CARDIOLOGY 


1013 Radionuclide Assessment of Right and Left Ventricular Exercise Reserve After Total Correction of 
Tetralogy of Fallot 


LAWRENCE A. REDUTO, HARVEY J. BERGER, DAVID E. JOHNSTONE, WILLIAM HELLENBRAND, 
FRANS J. Th. WACKERS, RUTH WHITTEMORE, LAWRENCE S. COHEN, ALEXANDER GOTTSCHALK 
and BARRY L. ZARET with the technical assistance of LINDA PYTLIK 


Despite the asymptomatic clinical status and generally normal right ventricular performance at rest of 16 pa- 
tients who had undergone total surgical correction of tetralogy of Fallot, first pass radionuclide angiography and 
thallium-201 myocardial imaging studies during exercise showed substantial right ventricular uptake consistent 
with residual right ventricular hypertrophy and 13 patients had a reduced right ventricular ejection fraction during 
exercise. In these patients an outflow tract patch, or outflow obstruction or intracardiac shunt was not a respon- 
sible factor for the impaired right ventricular performance during exercise. Left ventricular ejection fraction and 
exercise reserve were normal in all patients. 


1019 Circulation in Neonates With Intracranial Arteriovenous Fistula and Cardiac Failure 
GORDON R. CUMMING 


As shown in two newborn infants with severe cardiac failure caused by large cerebral arteriovenous communi- 
cations, the hemodynamic findings seem to depend on the patient's age at the time of study and the severity of 
the lesion. Infants one to two days of age show a persistent fetal circulation and older infants high output cardiac 
failure with or without right to left shunting at the atrial level. The cardiac output was more than twice normal and 
blood flow through the arteriovenous fistula was probably greater than 4 liters/min per m?. Large cerebral arte- 
riovenous communications are uncommon and difficult to diagnose but should always be considered in any in- 
fant with heart failure. In the catheterization laboratory this diagnosis should be entertained whenever the oxygen 
content is higher in the superior vena cava than in the inferior vena cava or when angiography demonstrates a 
large aortic arch and carotid arteries or retrograde filling of a large aortic arch from the ductus arteriosus. 


1025 Hemodynamic Responses to Supine Exercise in Children With Left-Sided Cardiac Disease 


BRUCE S. ALPERT, KENNETH R. BLOOM, CHRISTOPHER J. NEWTH and PETER M. OLLEY with the 
technical assistance of CONSTANCE M. WILLIAMS and WAHONO KARTODIHARDJO 


This study demonstrates the feasibility, safety and value of a graded upright and supine ergometer stress test 
used to assess exercise hemodynamics during cardiac catheterization in 21 older children with left-sided cardiac 
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Secause kidney function declines 


DIULO™ (metolazone) 2*^-mg., 5-mg. and 10-mg. tablets Before prescribing, 
see complete prescribing information. The following is a brief summary: 
Indications: Diulo (metolazone) is an antihypertensive diuretic indicated for 
the management of mild to moderate essential hypertension as sole 
therapeutic agent and in the more severe forms of hypertension in 
conjunction with other antihypertensive agents. Also, edema associated 
with heart failure and renal disease. Contraindications: Anuria, hepatic 
coma or precoma; allergy or sensitivity to metolazone. Warnings: In theory, 
cross-allergy may occur in patients allergic to sulfonamide-derived drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particular 


Azotemia and hyperuricemia may be noted or precipitated. Considerable 
potentiation may occur when given concurrently with furosemide. When 
added to other antihypertensives, the dosage of the other agents should be 
reduced. Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women or those of 
childbearing age requires that potential benefits be weighed against 
possible hazards to the fetus. Metolazone appears in the breast milk. Not 
recommended for pediatric use. Precautions: Perform periodic examination 
of serum electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, hypochloremic 





witn age... i O [e 
(VETOLAZONE) 


In hypertension...the only 

24-hour acting diuretic 

that is effective even when 
kidney function is depressec 


Statistics released by the National Institute on Aging show that 
renal function decreases with age — a decline most predictable in 
middle and old age, at just the time when hypertension often 
manifests itself. Thus, at some clinically unpredictable point, the 
pharmacology of a particular diuretic may no longer match your 
patient's pathophysiology; thus, therapy may become less 
effective. Because precise evaluation of renal function is often 
impracticable in the outpatient setting, it makes sound clinical 
sense to use a diuretic that continues to be effective as kidney 


function declines. 


Works even when kidney function is depressed 


Diulo works to lower blood pressure when kidney function is 
normal and may even produce diuresis and blood pressure 
reduction in patients with glomerular filtration rates below 20 
ml/min. Through a unique secondary mode of action, it exerts an 
effect that differs from that of the thiazides or chlorthalidone. 


Provides a 24-hour duration of action 


Diulo permits a dosage regimen of one tablet a day, which 
encourages patient compliance. Furthermore, peak activity occurs 
during waking hours, minimizing the potential for nighttime 


urination. 


Laboratories 


Searle 
rine of Searle Pharmaceuticals Inc. 


Chic e Illinois 60680 


when there is excessive vomiting or diarrhea, or when parenteral fluids are 
administered. Patients treated with diuretics or corticosteroids are 
susceptible to potassium depletion. Caution should be observed when 
administering to patients with gout or hyperuricemia or those with severely 
impaired renal function. Insulin requirements may be affected in diabetics, 
and hyperglycemia and glycosuria may occur in latent diabetes. Chloride 
deficit and hypochloremic alkalosis may occur. Orthostatic hypotension may 
occur. Dilutional hyponatremia may occur. Adverse Reactions: Constipation, 
nausea, vomiting, anorexia, diarrhea, bloating, epigastric distress, in- 
trahepatic cholestatic jaundice, hepatitis, syncope, dizziness, drowsiness, 


vertigo, headache, orthostatic hypotension, excessive volume depletion, 
hemoconcentration, venous thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, hypokalemia, hyponatremia, 
hypochloremia, hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine, fatigue, muscle cramps or spasm, 
weakness, restlessness, chills, and acute gouty attacks. Usual Initial 
Once-Daily Dosages: Mild to moderate essential hypertension —2V» to 

5 mg.; edema of cardiac failure —5 to 10 mg.; edema of renal disease — 

5 to 20 mg. Dosage adjustment is usually necessary during the course of 
therapy. How Supplied: Tablets, 22, 5 and ELIT RT bottles of 100. 
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Fig. 4 


I. Figure l is a pre-stress CKG (C ardiokymo- 
graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

LJ A. normal systolic inward motion 
O B. midsystolic bulging 

L] C. holosystolic outward motion 
L] D. other 


II. FigureZisatwo minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

LJ A. normal systolic inward motion 
O B. midsystolic bulging 

LJ C. holosystolic outward motion 
O D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

O A. normal systolic inward motion 
L] B. midsystolic bulging 

L] C. holosystolic outward motion 
O D. other 





l 
Ejection 


Ejection 


IV. Figures 1, 2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 


V. According to recently published” data, the 
CKG (Cardiokymograph) stress test is: 
O A. 98% sensitive— 9896 specific 
L.] B. 5996 sensitive— 6996 specific 
L] C. 7496 sensitive — 9596 specific 
O D. 4096 sensitive — 6096 specific 
VI. Figure 4 is a photograph of: 
LIA. CKG/700 (Cardiokymograph) 
(J B. anoninvasive device that provides an 
analog representation of wall motion 
L] C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 
diagnostic accuracy 
U D. allofthe above 


REFERENCE 
(1)Silverberg RA, Diamond GA, Vas R Tzivoni D. Swan HIG: 
Forrester J S: Noninvasive Diagnosis of Cor nary Artery Disease 
The Cardiokymographic Stress Test, Circulation. Vol. 6]. No 3; pgs 
519-589 


"CKG isa trademark of Cardiokinetics Inc. *Patent Pending 


For additional bibliography call or write: 
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CARDIOKINETICS INC 

710 NINTH AVENUE NORTH 
SEATTLE. VVASHINGTON 98109 
(206) 625-1155 
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disease. No complications were experienced during the exercise portion of the cardiac catheterization. None 
of the measured variables appeared to separate differences in left ventricular function unless the function was 
moderately impaired. More sophisticated analysis of left ventricular contractility may be necessary to elucidate 
differences in response to exercise between the normal and the impaired left ventricle in such subjects. 





REPORTS ON THERAPY 


1033 Treatment of Postoperative Low Output Syndrome With Intraaortic Balloon Pumping: Experience With 
419 Patients 


JAMES T. STURM, MICHAEL G. McGEE, THOMAS M. FUHRMAN, GARY L. DAVIS, 
STEPHEN A. TURNER, SIDNEY K. EDELMAN and JOHN C. NORMAN 


Data in these 419 patients with postoperative low output syndrome supported with intraaortic balloon pumping 
confirm that survival correlates with postoperative hemodynamic classification and trajectory of improvement 
or deterioration. Other factors affecting survival included the type of operation performed, sex, duration of bal- 
loon support and the size of the intraaortic balloon used. Survival was greater when a 40 or 30 ml intraaortic bal- 
loon rather than a 20 ml balloon was used, possibly because of the greater degree of augmentation of cardiac 
output, which is a linear function of balloon volume. Intraaortic balloon pumping to support the failing circulation 
is now an accepted, relatively simple therapeutic modality that produces immediate and predictable hemody- 
namic effects and increases survival and hospital discharge rates. 


1037 Treatment of Acute Inflammatory Myocarditis Assisted by Endomyocardial Biopsy 
JAY W. MASON, MARGARET E. BILLINGHAM and DONALD R. RICCI 


These results in 10 patients with congestive heart failure demonstrate the value of right ventricular endomyocar- 
dial biopsy to diagnose inflammatory myocarditis and to monitor the histologic results of immunosuppressive 
agents. Four patients showed dramatic improvement and one definite improvement in association with immuno- 
suppressive therapy and four had stabilization of previously progressive heart failure. A second biopsy in six pa- 
tients after such therapy proved the inflammatory infiltrate had been eliminated. It is important to note that immu- 
nosuppression, especially with large dose intravenous therapy, represents a considerable risk of infection to the 
patient, as illustrated in one patient who succumbed to infection. Diagnostic and therapeutic guidelines for the 
management of patients with rapid onset of congestive heart failure and no identifiable causes are presented. 


1045 Tocainide Therapy for Treatment of Ventricular Arrhythmias: Assessment With Ambulatory 
Electrocardiographic Monitoring and Treadmill Exercise 


MARTIN M. LeWINTER, ROBERT L. ENGLER and JOEL S. KARLINER 


A double blind, crossover study design in 10 men shows that tocainide is an effective antiarrhythmic agent in pa- 
tients not receiving concurrent therapy with conventional agents and that patients treated for refractory ventricu- 
lar arrhythmias may require higher serum concentrations of the drug than those used in unselected patients. 
Small dose tocainide therapy decreased ventricular premature complexes/hour from 364 + 98 to 127 + 50; 5 
of 10 patients had at least an 80 percent decrease. At higher dose levels, two additional patients had at least an 
80 percent decrease. Tocainide also appeared to be successful in suppressing ventricular arrhythmias related 
to exercise. Although a major problem in the use of tocainide has been a large incidence of side effects, these 
data suggest that a significant number of patients will respond well to small dose tocainide therapy without sig- 
nificant side effects. 


1053 Concealed Retrograde Bypass Tracts and Enhanced Atrioventricular Nodal Conduction: An Unusual 
Subset of Patients With Refractory Paroxysmal Supraventricular Tachycardia 


DAVID R. HOLMES, Jr., GEOFFREY O. HARTZLER and JAMES D. MALONEY 


Identification of the electrophysiologic mechanism of paroxysmal supraventricular tachycardia is clinically im- 
portant in patients with recurrent or markedly symptomatic tachycardia in order to apply effective drug therapy, 
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The durable ERM-101 
heart-rate monitor from Amerec. 


A lightweight, precision electronic instru- 
ment, the Amerec ERM-101 keeps tabs 
on your patient as he exercises, displaying 
his heart rate in large, easy-to-read liquid 
crystal numerals. An indicator light and 
audible signal also register each heart- 
beat, and an adjustable alarm control 
sounds when his exercise exceeds 
prescribed limits. About the size of a deck 
of cards, the ABS plastic case straps 
conveniently to arm, body, or exercise 
machine; and the chest electrodes fasten 
in place with either disposable pre-gel 
or a reusable electrode harness. The 
Amerec ERM-101 is ideal for accurate 
heart-rate monitoring in prescribed 
programs of physical therapy, cardio- 
therapy, and aerobic training. 


AMEREC 


For complete information or the name of 
your nearest Amerec dealer, call toll-free 


1-800/426-0858 


or write Amerec, Box 3825, 
Bellevue, Washington 98009. 








The heart of the matter. 


Brief Summary of Prescribing Information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic Clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated anxiety, agitation, irritability, tension, insomnia and occa- 
Sional convulsions 

Observe usual precautions with impaired renal or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg ‘kg ‘day. No effect dose was 1 25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease 

Safety and effectiveness in children under 12 years have not been established y 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

In humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
weakness (4.2%) and unsteadiness (3 4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 

Overdosage: |n management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined 


(Ativan: 
Anxiety 


Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/ day given b.i.d. or t.i.d.; dosage . 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 





Wyeth Laboratories 


| BRR PA 19101 


™ 


Copyright © 1979, Wyeth Laboratories 
Div. of AHPC, N.Y., N Y. All rights reserved 


The anxious heart. sic anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

in addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness. ) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics*...usually well 
tolerated...simple to use ona 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 


See important information on preceding page. 








Ativan. 
for IOrazeparry 









INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows: 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginakattack. 


Final classification of the less-than-effective indica- 
tions requires further investigation. 


CONTRAINDICATIONS—No specific 
contraindications are known. 
PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 


tablets, 25 mg, contain FD&C Yellow No. 


5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 
is generally low, but frequently seen in 
patients with aspirin hypersensitivity. 


ADVERSE REACTIONS — Adverse reac- 
tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms. 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy. 


Tablets of 25 mg and 75 mg 


For complete details, please see the full 
prescribing information. 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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specialized pacing or surgical relief. The electrophysiologic features of eight patients with unusually rapid, medi- 
cally refractory paroxysmal supraventricular tachycardia reported in this study included anterograde enchanced 
atrioventricular nodal conduction combined with retrograde conduction by a concealed left atrial-left ventricular 
accessory pathway producing rates ranging from 200 to 300 beats/min. Electrophysiologic-pharmacologic test- 
ing was mainly unsuccessful and continued drug therapy inconsistent in controlling the arrhythmias. As a result 
three patients required surgical interruption of the concealed accessory pathway to abolish the recurrent tachy- 
cardias. 


REVIEW 


1061 Clinical Uses of Two Dimensional Echocardiography 
MORRIS N. KOTLER, GARY S. MINTZ, BERNARD L. SEGAL and WAYNE R. PARRY 


The precision, accuracy and sensitivity of two dimensional echocardiography make it a valuable noninvasive in- 
strument in the detection of cardiac disease as illustrated in this comprehensive review. In some instances more 
information and data will be derived with two dimensional than with M mode echocardiography. The two methods 
should be viewed as complementary rather than mutually exclusive. This report highlights the diagnostic advan- 
tages of two dimensional echocardiography in a variety of cardiac diseases, including coronary artery disease, 
mitral valve disease, left ventricular outflow obstruction, tricuspid valve disease, endocarditis, prosthetic valves, 
pericardial effusion, intracardiac masses, and atrial septal defect. 


DIAGNOSTIC SHELF 


1083 Early Aortic Valve Closure in Combined Idiopathic Hypertrophic Subaortic Stenosis and Discrete 
Subaortic Stenosis 


JOHN F. HAGAMAN, CARLA WOLFE and ERNEST CRAIGE 


This 15 year old boy with eventually proven idiopathic hypertrophic subaortic stenosis and discrete subaortic 
stenosis was found to have two separate systolic closing movements of the aortic valve on M mode echocardi- 
ography, each movement being associated with a separate systolic ejection murmur. Initially the patient was 
treated with propranolol. Nine months later bacterial endocarditis developed with severe aortic insufficiency and 
the patient underwent prosthetic valve surgery and myomectomy. At operation the presence of both a subvalvu- 
lar obstructing membrane and severe septal hypertrophy was confirmed. This case reemphasizes the impor- 
tance of paying special attention to early systolic closure movements of the aortic valve because of the possibil- 
ity of detecting two causes of outflow obstruction. 


CASE REPORTS 


1088 Unusual Complications of Epicardial Pacemakers: Recurrent Pericarditis, Cardiac Tamponade and 
Pericardial Constriction 


ROBERT W. PETERS, MELVIN M. SCHEINMAN, STEPHEN RASKIN and ARTHUR N. THOMAS 


In these three patients there were several unusual complications associated with permanent epicardial pacing, 
including life-threatening cardiac tamponade due to pericarditis in one, recurrent pericarditis with early signs of 
constriction in two, and migration of the pulse generator from the epigastric implant site into the pelvis in one. 
All three patients required pericardiectomy. The migration of the pacemaker was probably initially related to 
contact of the anode with upper abdominal skeletal muscles. Such complications, estimated to occur in 2 to 5 
percent of patients undergoing insertion of epicardial leads, emphasize the need for close medical follow-up 
after this operation. 


Continued on page A39 


A35 


[ONT ELT 
tah "e Ras oa 
eiae u$; 96a 


WHEN YOU SUSPECT OR DETEC 


VENOUS THROMBOSIS... 





Thromboembolism: 
a high risk among 
patients with one 
or more of these 
factors... 


Advanced age 

Fractures of lower limb 

Hip surgery 

Pelvic or abdominal surgery with 
extensive dissection 

Previous venous thromboembolism 

Congestive cardiac failure 

Cancer surgery 

Obesity 

Varicose vein surgery 











Incidence of venous thrombosis or 
abnormal scans as shown by '°I-fibrinogen 
screening in selected high-risk medical- 
surgical patients 


Category Incidence 


Elective Surgery 


Major abdominal _ 
thoracic/gynecologic 








11-65%"? 


Retropubic 


prostatectomy 28-50%12 













Transurethral 


prostatectomy 4%12 









Emergency surgery 
Hip fracture 








48-74%"? 


Childbirth 


Medical 


Myocardial 
infarction 


Stroke 





23-38%"? 
60%! 








ORAL ANTICOAGULATION: 
Often indicated to lower the risk 
of thromboembolic complications. 


References: 1. Hirsh J, Gallus AS: I-labeled fibrinogen scanning 
Use in the diagnosis of venous thrombosis JAMA 233:970-973 

1975 2. Kakkar VV: The diagnosis of deep vein thrombosis using the 
1251. fibrinogen test. Arch Surg 104:152-159, 1972. 3. Ebert RV: Use of 
anticoagulants in acute Hips age infarction. Circulation 45:903-910 
Apr 1972. 4. Borden CW: The current status of therapy with anticoagu 
lants. Med Clin North Am 56:235-251, Jan 1972. 5. Hirsh J. Gallus AS 
Anticoagulants in venous thromboembolism Prophylactic and thera 
peutic use. Postgrad Med 55 211-217, Jan 1974 


*For selected patients who have had a large infarct. a history of previous 
infarction or angina, severe hypotension or shock, chronic atrial fibril 


lation, congestive heart failure. past history of venous thrombosis Or 
embolism or complications requiring a prolonged period in bed 
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COUMADIN is an Endo registered U.S. trademark 
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of choice: Tablets 


COUMADIN 


crystalline warfarin sodium 


singled out by more 
than 20 years 
of experience 


Effective prophylaxis and treatment of venous 
thrombosis 

Effective prophylaxis and treatment of 
pulmonary embolism 

Effective treatment of atrial fibrillation with 
embolization 

Effective adjunctive treatment of coronary 
occlusion 


























Initiation of therapy 
Induction — 40 to 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly 


Alternatively. the large priming dose may be decreased 
for all patients to minimize the possibility of excessive 
increases in prothrombin time. Induction may be initi- 
ated with 10 to 15 mg daily and thereafter (usually 

2 or 3 days) adjusted according to prothrombin time 
response 

o dosage must be individualized according to 
patient s prothrombin time 

g frequent laboratory monitoring IS recommended 

o determine prothrombin time daily until results fall 
within the therapeutic range —1.5 to 2.5 times normal 
o afterwards, prothrombin time must be determined 
periodically to monitor the patient s course 


Maintenance of anticoagulation 


o 2-10 mg. for most patients (scored tablets allow 
flexibility and accurate titration) 

4 dose and interval should be adjusted according to 
the individual patient s prothrombin time response 


Duration of anticoagulation 


o should be individualized for each patient 
g in general, should be continued until danger of 
thrombosis and embolism has passed 

















Recommendations of prominent clinicians 
on duration of therapy 


in myocardial infarction?'^* 1-3 years" (reevaluate 
at least every 6 months) 


in pulmonary embolism ** 6 weeks-6 months 
in deep vein thrombosis ** 6 weeks-6 months 


Before prescribing. please see full product information on next page 


lablets 


adio IPA -a af 
crystalline warfarin sodium, U.S.P* 


DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of warfarin ṣo- 
dium virtually eliminates trace impurities present in amorphous warfarin sodium, tht * achieving a 
crystalline product of the highest purity. Warfarin* is the coined eneric name for 3-(a- Acetonyl- 
benzyl)-4-hydroxycoumarin. On a dose-for-dose basis, COUMADIN (crystalline warfarin 

Sodium) is therapeutically equivalent to amorphous warfarin sodium 

ACTIONS COUMADIN and other coumarin anticoagulants act by depressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety of 
diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
tial depression of Factors VII, IX. X and Il. The degree of depression is dependent upon the dos- 
age administered. Anticoagulants have no direct effect on an established thrombus, nor do they 
reverse ischemic tissue damage. However, once a thrombosis has occurred, anticoagulant treat- 
ment aims to prevent further extension of the formed clot and prevents secondary thromboembo- 
lic complications which may result in serious and possible fatal sequelae. 

After oral administration, absorption is essentially complete, and maximal plasma concentrations 
are reached in 1 to 9 hours. Approximately 9796 is bound to albumin within the plasma. 
COUMADIN usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action 
may persist for 4 to 5 days, thus producing a smooth, long lasting response curve. Little is known 
of the metabolic pathways involved in the biotransformation of oral anticoagulants in man. How- 
ever their metabolites appear to be eliminated principally in the urine 












INDICATIONS Based on a review of this drug by the National Academy of Sciences — 
National Research Council and/or other information. FDA has classified the indications 
as follows: 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombo- 
SIS and its extension. the treatment of atrial fibrillation with embolization, the prophylaxis 
and treatment of pulmonary embolism, and as an adjunct in the treatment of coronary 
occlusion. 

"Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks 
Final classification of the less-than-etfective indication requires further investigation 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
potential clinical benefits, such as 

Pregnancy — COUMADIN is contraindicated in pregnancy because the drug passes through the 
placental barrier and may cause fatal hemorrhage to the fetus in utero Furthermore. there have 
been reports of birth malformations in children born to mothers who have been treated with war- 
farin during pregnancy Women of childbearing potential who are candidates for anticoagulant 


therapy should be carefully evaluated and the indications critically reviewed with the patient. If the 


patient becomes pregnant while taking this drug. she should be apprised of the potential risks to 
the fetus, and the possibility of termination of the pregnancy should be discussed in light of those 
risks 
Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated sur ery of: 
(1)central nervous system; (2)eye; (3)traumatic surgery resulting in large open surfaces. Bleed- 
ing tendencies associated with active ulceration or overt bleeding of: (1)gastrointestinal, 
genitourinary or respiratory tracts; (2)cerebrovascular hemorrhage; (3)aneurysms — cerebral, dis- 
secting aorta. (4)pericarditis and pericardial effusions: (5)subacute bacterial endocarditis 
Threatened abortion, eclampsia and preeclampsia. Inadequate laboratory facilities or unsu- 
pervised senility, alcoholism. psychosis; or lack of patient cooperation. Spinal puncture and 
other diagnostic or therapeutic procedures with potential for uncontrollable bleeding. Miscella- 
neous: major regional. lumbar block anesthesia and malignant hypertension. 
WARNINGS Warfarin sodium is a potent drug with a half-life of 2¥e days; therefore its effects may 
become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
strongly that treatment of each patient is a highly individualized matter. Dosage should be con- 
trolled by periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
minations of whole blood clotting and bleeding times are not effective measures for control of 
therapy. Heparin prolongs the one-stage prothrombin time. Therefore. to obtain a valid prothrom- 
bin time when heparin and COUMADIN are given together, a penod of at least 5 hours should 
elapse after the last intravenous dose and 24 hours after the last subcutaneous dose of heparin, 
before blood is drawn 
Caution should be observed when warfarin sodium is administered in any situation or physical 
condition where added risk of hemorrhage is present. 
Administration of anticoagulants in the following conditions will be based upon clinical judgment 
in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboliza- 
lion in untreated cases. The following may be associated with these increased risks; 
Lactation — coumarins may pass into the milk of mothers and cause a prothrombinopenic state in 
the nursing infant. Severe to moderate hepatic or renal insufficiency. Infectious diseases 
or disturbances of intestinal flora sprue, antibiotic therapy Trauma which may result in inter- 
nal bleeding. Surgery or trauma resulting in large exposed raw surfaces Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis. severe 
diabetes, severe allergic and anaphylactic disorders 
Patients with congestive heart failure may become more sensitive to COUMADIN, thereby re- 
quiring more frequent laboratory monitoring. and reduced doses of COUMADIN. 
Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 

_ be hazardous. (Please note recommendations accompanying these preparations.) 
Abrupt cessation of anticoagulant therapy is not generally recommended: taper dose gradually 
over three to four weeks. 
PRECAUTIONS Periodic determination of prothrombin time or other suitable coagula- 
tion test is essential. 
Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, pyra state and medication may influence response of the patient to anticoagu- 
lants. It is generally good practice to monitor the patient's response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tal, and whenever other medications are initiated, discontinued or taken haphazardly. 
The following factors are listedtor your reference; however, other factors may also af- 

. fect the prothrombin response. 
The following factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 
ENDOGENOUS FACTORS: Carcinoma; collagen disease: congestive heart failure; diarrhea; 
elevated temperature; hepatic disorders— infectious hepatitis, jaundice; poor nutritional state: 
vitamin K deficiency— steatorrhea 
EXOGENOUS FACTORS: Alcohol; allopurinol: aminosalicylic acid; anabolic steroids; antibiotics: 
bromelains; chloral hydratet; chlorpropamide; chymotrypsin; cimetidine: cinchophen; clofibrate; 
COUMADIN (crystalline warfarin sodium) overdosage; dextran; dextrothyroxine; diazoxide: 
dietary deficiencies; diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid: glu- 
cagon, hepatotoxic drugs; indomethacin: inhalation anesthetics; mefenamic acid; methyldopa; 
methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic acid; oxolinic acid: OXy- 
phenbutazone; phenylbutazone; phenyramidol; prolonged hot weather: prolonged narcotics; 
quinidine; quinine; salicylates, sulfinpyrazone; sulfonamides. long acting; thyroid drugs; tolbu- 
tamide, triclofos sodium; trimethoprim/sulfamethoxazole: unreliable prothrombin time determina- 
tions 
The following factors, alone or in combination, may be responsible for decreased pro- 
thrombin time nonse: 
ENDOGENOUS FACTORS. Diabetes mellitus; edema, hereditary resistance to coumarin therapy; 
hyperlipemia; hypothyroidism 
EXOGENOUS FACTORS: Adrenocortical steroids: alcoholt; antacids; antihistamines; barbitu- 
rates, chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN underdosage: diet high in 
vitamin K (vegetables, fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; 
haloperidol; meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unreliable pro- 
thrombin time determinations; vitamin C. ' 

tincreased and decreased prothrombin time responses have been reported. 


*Present as crystalline sodium warfarin isopropanol clathrate. 


for long- and short-term oral anticoagulation 








A patient may be exposed to a combination of the above factors, some of which may increase and 
Some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time re- 
sponse may be unpredictable under these circumstances. more frequent laboratory monitoring is 
advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with SUSPICION, 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual. 

Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and 
tolbutamide) and anticonvulsants (dipheny!nydantoin and phenobarbital) may accumulate in the 
body as a result of interference with either their metabolism or excretion. 

me drm REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) 
include 


1. Minor or major hemorrhage from any tissue or organ — which is an extension of the physiologic 
activity of prothrombinopenia. The Signs and symptoms will vary according to the location and de- 
gree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding during anticoagulant therapy does not always correlate with pro- 
thrombin activity. (See TREATMENT FOR OV RDOSAGE ) 
Bleeding which occurs when the prothrombin time IS within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer, etc 
2 Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever. nausea, diarrhea, abdominal cramping, a syndrome called "purple toes,” hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin 
3. Priapism has been associated with anticoagulant administration, however. a causal relationship 
has not been established 
DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effec- 
tive therapeutic levels with minimal complications can best be achieved in cooperative and well- 
instructed patients, who keep the doctor informed of their status between visits. COUMADIN pa- 
tient aids are available to physicians on request 
The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time Tapro, 
thrombin time reflects the depression of vitamin K dependent Factors VII, X and II. These factors. 
in addition to Factor IX, are affected by coumarin anticoagulants. There are several modifications 
of the Quick one-stage prothrombin time and the physician should become familiar with the spe- 
cific method used in his laboratory. 
Administration of COUMADIN should be gauged according to prothrombin time determinations 
by a suitable method. The blood prothrombin time should usually be determined daily after the 
administration of the initial dose until prothrombin time results stabilize in the therapeutic range 
Intervals between subsequent prothrombin time determinations should be based upon the 
physician's judgment of the patient's reliability and response to warfarin in order to maintain the in- 
dividual within the therapeutic range Acceptable intervals for prothrombin time determinations 
have usually fallen within the range of one to four weeks Satisfactory levels for maintenance of 
therapeutic anticoagulation are 142 to 2Ve times the normal prothrombin time (e.g. 18 to 30 sec- 
onds, with a control of 12 seconds) 
Induction — 40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients 
for one dose only administered orally, intravenously or intramuscularly, 
Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be initiated with 10 to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
the no-loading dose regimen is that the depression of Factors II. IX, and X are not accelerated by 
the administration of a loading dose. 
Maintenance Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily Flexibility 
of dosage is provided by breaking scored tablets in half. The individual dose and interval should 
be gauged by the patient's prothrombin response. 
Duration of therapy — The duration of therapy in each patient should be individualized. In gen- 
eral, anticoagulant therapy should be continued until the danger of thrombosis and embolism has 
passed. 
Treatment during dentistry and surgery — The management of patients who undergo dental 
and surgical procedures requires close liaison between attending physicians, surgeons and den- 
tists. Interruption of anticoagulant therapy may precipitate thromboembolism. and conversely, if 
anticoagulants are maintained at full doses, some patients may hemorrhage excessively. If it is 
elected to administer anticoagulants prior to, ees or immediately following dental or surgical 
procedures, it is recommended that the dosage of COUMADIN (crystalline warfarin sodium) be 
adjusted to maintain the prothrombin time at approximately 12 to 2Ve times the control level. The 
operative site should be sufficiently limited to permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary 
Under these conditions dental and surgical procedures may be performed without undue risk of 
hemorrhage 
COUMADIN with Heparin— Since a delay intervenes between the administration of the initial 
dose and the therapeutic prolongation of prothrombin time, it may be advisable in emergency sit- 
uations to administer sodium heparin initially along with COUMADIN. The initial dose of heparin 
and injectable COUMADIN may be administered together in the same syringe. It should be noted 
that heparin may affect the prothrombin time, and therefore, when patients are receiving both 
heparin and COUMADIN, the blood sample for prothrombin time determination should be drawn 
Just prior to the next heparin dosage, at least 5 hours after the last intravenous injection or 24 
hours after the last subcutaneous injection. 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium), and if necessary, 
the oral or parenteral administration of vitamin K,. The appearance of EPIS hematuria, ex- 
cessive menstrual bleeding. melena, petechiae or oozing from nicks made while shaving are 
early manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 
In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg. will usu- 
ally correct the problem. 
If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may 
be zin parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to use. 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrom- 
binopenic.states unresponsive to vitamin K,. 
Resumption of COUMADIN administration reverses the effect of vitamin K,, and a therapeutic hy- 
poprothrombinemia level can again be obtained. 
SUPPLIED Tablets: COUMADIN (crystalline warfarin sodium). For oral use, single scored, im- 
printed numerically with potency as follows: 2 mg lavender, 2⁄2 mg orange, 5 mg peach, 7⁄2 mg 
yellow, 10 mg white. In bottles of 100 and 1000. Álso available in Hospital Unit-Dose blister pack- 
age of 100. 
Injection: Available as single injection units of amorphous warfarin sodium lyophilized for intrave- 
nous or intramuscular use in a box of 6 units for use immediately after reconstitution. 
50 mg: Unit consists of 1 vial, 50 mg. sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted 
with sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection. 
Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for in- 
travascular injection without first having been made approximately isotonic by the addition of a 
suitable solute. Use only for reconstitution of the lyophilized product. 


Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No 25,866) 
COUMADIN is an Endo Registered U.S. Trademark. 6037-14 


Endo Laboratories, Inc. 


Subsidiary of the DuPont Company 


Garden City, New York 11530 EDO-627C979 
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THE BEST OF BOTH 





One instrument that can 
do the work of two is a most 
efficient way to maximize 
limited dollars or supply a 
total capability backup 
resource. 

That's why Toshiba's all 
new SSL-53M ultrasound 
instrument combines for the 
first time in one unit all the 
functions necessary for both 
cardiological studies and 
general ob/gyn and 
abdominal studies. 

Electronic sector and 
linear scanning and real time 
display of high resolution 
tomographic images allow 
complete diagnostic 
visualization of both 
abdomen and the dynamic 
heart. 

Circulatory organ analyses 
are facilitated by such 
functions as 2-channel M 
mode, M mode scan, 
reference signal display and 
single M mode probe. 
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ULTRASOUND WORLDS, 


So if you've been planning 
on purchasing ultrasound 
for cardiology, ob/gyn or 
general radiology, ask for a 
demonstration of the SSL- 
53M now. 

For full information on the 
SSL-53M contact your local 
Toshiba representative. 


Toshiba Medical Systems, 
Toshiba 1154 Dominguez, 
Carson, CA 90745 





SSL-53M Features: 

* Total Real Time Versatility 
in One Mobile Instrument 

* Real Time Displays for 
Abdomen, Cardiology and 
General Vascular System 

* Electronic Linear Function 
Phased Array Transducer 

* Electronic Sector Function 
Phased Array Transducer 

* 2 Channel M Mode 
Function 

e Simultaneous Display of 
UCG, ECG, PCG and Pulse 
Waves 
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mie showing liver 
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Long axis of 
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Patient Compliance 


Titrate to 
10 mg bD.i.d. 


MINIPREM o on eo) 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to h 


A. 


4 mg b.i1.d* 


Titrate to 
2 mg b.i.d* 


Start with 
1 mg D..da? 


*Or t.i.d. 


BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30to 90 minutes of the initial dose of the drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1% in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus. 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.396, headache 
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7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: 1 mg two or three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
unit dose institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages of 100 (10 x 
10's). 

More detailed information available on request. 


Pfizer LABORATORIES DIVISION 
PFIZER INC. 
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At last,intra-aortic ma 
balloon pumping 
without surgery. | 
Datascope introduce£ 
the PERCOR" balloon 
for percutaneous / 
insertion. 
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Iliac artery 





Sheath 


Inguinal ring 


For all of its benefits, intra-aortic balloon 
pumping has had one ever-present shortcom- 
ing. The balloon had to be inserted and 
removed surgically. 
Femoral The Datascope*PERCOR balloon" puts an 
artery end to all that. 

This remarkably innovative device is easily 
and quickly inserted through the skin, using the 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 45 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accom- 
Radiopaque i | plished in minutes without surgery as well. 
marker l With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 
in a wider variety of clinical settings for the benefit of increasing 
, numbers of patients. In the operat- 
| ing room, the catheterization lab, 
i CCU and emergency room. By the 
| 
| 












surgeon, the radiologist, the 
cardiologist. 

We would be pleased to send 
you more information about our 
revolutionary device and to 
schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 





fd f 4 or write him at Datascope Corp., 
| i Dept. #5-S, 580 Winters Avenue, 
PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 


ready for insertion. 


The Datascope PERCOR” intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part Il, 
Vol. 60, No. 4, October 1979, PP. Il-103. "U.S. and foreign patents pending. 
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4 long-acting, 
steady-state 


plasma levels 
Achieved shortly after 24 hours... 
maintained for 12 hours* 


3 priced for 
greater economy 


Cost is approximately 2076 less 
than other long-acting quinidine 
gluconate therapy.’ 


*Quantity of drug and frequency of administration needed to achieve 
desired clinical results must be determined for each patient 
tRHed Book, 1979 
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.. DuraQuih p 


(QUIINIDINE GLUCONATE 
TABLETS) SUSTAINED-RELEASE TABLETS, 330 mg 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 

DURAQUIN® (quinidine gluconate tablets) Sustained Release 

AHFS Category 24:04 

CLINICAL PHARMACOLOGY. In clinical studies, single doses of Duraquin 
produced a mean maximum plasma level at 2 hours which was maintained for 
12 hours. This broad plateau indicates slow, continuous absorption from the 
gastrointestinal tract. 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 
hours, produced steady state (equilibrium) plasma levels shortly after 24 hours. 
The average quinidine plasma levels (Cramer and Isaksson assay! ) were 0.81 
mcg/ml and the mean peak levels were 1.16 mcg/ml in a group of normal male 
subjects weighing 75 Kg. Following the last dose at steady state, quinidine plasma 
levels decreased at an approximate rate of 50% in 10 hours. This compares to the 
expected plasma half-life of 6.3 hours for quinidine sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with 
dosage. While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml 
have been reported, these values are based on peak plasma levels determined 
by the less specific Edgar and Sokolow assay? This procedure yields quinidine 
levels averaging 22% higher than the Cramer and Isaksson assay. Plasma levels 
vary considerably in patients receiving identical doses. Therefore, it is advisable to 
adjust the dosage by monitoring plasma quinidine levels. 

INDICATION. Duraquin tablets are indicated for the prevention of premature 
atrial, nodal, or ventricular contractions. They are also indicated for the mainte- 
nance of normal sinus rhythm following spontaneous reversion or electrical con- 
version of atrial, nodal, or ventricular tachycardia, atrial flutter and fibrillation 
(either paroxysmal or chronic). 

CONTRAINDICATIONS. 1. History of hypersensitivity to quinidine manifested by 
thrombocytopenia, skin eruption, febrile reactions, etc. 

2. Complete A-V block 

3. Complete bundle branch block or other severe intraventricular conduction 
defects exhibiting marked QRS widening or bizarre complexes 

4. Myasthenia gravis 

5, Arrhythmias associated with digitalis toxicity 
WARNINGS. 1. (a) Inthe treatment of atrial fibrillation with rapid ventricular re- 
sponse, ventricular rate should be controlled with digitalis glycosides prior to 
administration of quinidine. 

(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may 
be preceded by progressive reduction in the degree of A-V block to a 1:1 ratio 
resulting in an extremely high ventricular rate. This potential hazard may be reduced 
by digitalization prior to administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is 
necessary, digoxin dosage should be reduced and plasma concentration should 
be monitored and patients observed closely for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 
50% widening of QRS, and/or ventricular ectopic beats or tachycardia. Appear- 
ance of these toxic signs during quinidine administration mandates immediate 
discontinuation of the drug, and/or close clinical and electrocardiographic moni- 
toring. Note: Quinidine effect is enhanced by potassium and reduced in the 
presence of hypokalemia. 

3. "Quinidine Syncope" may occur as a complication of long-term therapy. It is 
manifested by sudden loss of consciousness and ventricular arrhythmias with 
bizarre QRS complexes. This syndrome does not appear to be related to dose or 
plasma levels but occurs more often with prolonged QT intervals. 

4. Because quinidine antagonizes the effect of vagal excitation upon the atrium 
and the A-V node, the administration of parasympathomimetic drugs (choline 
esters) or the use of any other procedure to enhance vagal activity may fail to 
terminate paroxysmal supraventricular tachycardia in patients receiving quinidine. 

5. Quinidine should be used with extreme caution in: 

a) the presence of incomplete A-V block, since a complete block and asystole 
may result. Quinidine may cause unpredictable abnormalities of rhythm in digi- 
talized hearts. Therefore, it should be used with caution in the presence of digitalis 
intoxication (see 1.(b) above). 

b) Partial bundle branch block. 

C) Severe congestive heart failure and hypotensive states due to the depressant 
effects of quinidine on myocardial contractility and arterial pressure. 

d) Poor renal function, especially renal tubular acidosis, because of the 
potential accumulation of quinidine in plasma leading to toxic concentrations. 
PRECAUTIONS. 1. Test Dose — A preliminary test dose of a single tablet of 
quinidine su/fate should be administered prior to the initiation of the sustained 
release gluconate to determine whether the patient has an idiosyncrasy to the 
Quinidine molecule. 

2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quini- 
dine, although rare, should be considered (eg, angioedema, purpura, acute 
asthmatic episode, vascular collapse). 


a 





3. Long-Term Therapy — Periodic blood counts and liver and kidney function 
tests should be performed during long-term therapy and the drug should be dis- 
continued if blood dyscrasias or signs of hepatic or renal disorders occur. 

4. Large Doses — ECG monitoring and determination of plasma quinidine levels 
are recommended when doses greater than 2.5 g/day are administered. 

5. Usage in Pregnancy —The use of quinidine, in pregnancy, should be reserved 
only for those cases where the benefits outweigh the possible hazards to the 
patient and fetus. 

6. Nursing Mothers — The drug should be used with extreme caution in nursing 
mothers because the drug is excreted in breast milk. 

7. General —In patients exhibiting asthma, muscle weakness, and infection with 
fever prior to quinidine administration, hypersensitivity reactions to the drug may 
be masked. 

DRUG INTERACTIONS. 1. Caution should be used when quinidine and its 
analogs are administered concurrently with coumarin anticoagulants. This com- 
bination may reduce prothrombin levels and cause bleeding. 

2. Quinidine, a weak base, may have its half-life prolonged in patients who are 
concurrently taking drugs that can alkalize the urine, such as thiazide diuretics, 
sodium bicarbonate, and carbonic anhydrase inhibitors. Quinidine and drugs 
which alkalize the urine should be used together cautiously. 

3. Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. 
An additive vagolytic effect may be seen when quinidine and drugs having anti- 
cholinergic blocking activity are used together. Drugs having cholinergic activity 
may be antagonized by quinidine. 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac 
depressant effects when administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS. 

6. Antacids may delay absorption of quinidine but appear unlikely to cause 
incomplete absorption. 

7. Phenobarbital and phenytoin may reduce plasma T 1/2 of quinidine by 50%. 

8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory 
depression of patients receiving decamethonium, tubocurare, or succinylcholine. 
ADVERSE REACTIONS. Symptoms of cinchonism (ringing in the ears, head- 
ache, disturbed vision) may appear in sensitive patients after a single dose of 
the drug. 

Gastrointestinal: The most common side effects encountered with quinidine 
are referable to this system. Diarrhea frequently occurs, but it rarely necessitates 
withdrawal of the drug. Nausea, vomiting, and abdominal pain also occur. Some 
of these effects may be minimized by administering the drug with meals. 

Cardiovascular: widening of QRS complex, cardiac asystole, ventricular ectopic 
beats, idioventricular rhythms including ventricular tachycardias and fibrillation; 
paradoxical tachycardia, arterial embolism and hypotension. 

Hematologic; acute hemolytic anemia, hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 

CNS: headache, fever, vertigo, apprehension, excitement, confusion, delirium 
and syncope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed 
vision (mydriasis, blurred vision, disturbed color perception, photophobia, 
diplopia, night blindness, scotomata); optic neuritis. 

Dermatologic: cutaneous flushing with intense pruritus. 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular 
collapse, respiratory arrest. 

DOSAGE AND ADMINISTRATION. Dosage should be titrated to give the 
desired clinical effect, eg, elimination of paroxysmal rhythm or reduction in 
premature contractions (See CLINICAL PHARMACOLOGY). This will often 
require prolonged ambulatory ECG monitoring, as hour-to-hour variability 
renders brief ECG recordings unreliable. When doses larger than 2.5 g/day are 
used, quinidine blood levels should be monitored, if possible, and serial ECGs 
should be followed (See WARNINGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus 
rhythm following electrical conversion, the usual dosage is from 330 mg to 
660 mg every eight hours, most patients requiring the higher dose. 

In elderly patients, and in patients in the lower end of the normal weight range, 
plasma quinidine determinations should be considered. Dosage adjustments may 
be required. 

OVERDOSAGE. Cardiotoxic effects of quinidine may be reversed in part by 

molar sodium lactate; the hypotension may be reversed by vasoconstrictors and by 
catecholamines (since the vasodilation is partly due toalpha-adrenergic blockade). 
HOW SUPPLIED. N 0071-0850 (P-D 850) Duraquin (quinidine gluconate tablets) 
330-mg tablets are supplied in bottles of 100 tablets and in unit-dose packages of 
100 (10 strips of 10 tablets each). 

1. Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. 
Scandinavian J. Clin. & Lab. Investigation 15, 553, 1963. 

2. Edgar, A.L. and Sokolow, M. Experiences with the Photofluorometric Deter- 
mination of Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950. YF 
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'Cardiologists are always amaze 
at how much more information 
our Cinegram films give them..." 
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“I'll never forget what one cardiologist tol 
me when we @nished a test program at hi 
facility. 

“It was late December. We had been 
there for the better part of two days, test 
ing every part of his system. . . everythin 
from the radiation source to the projecto 
... So that we could match our system t 
the unique characteristics of his system. 

“We had run our usual series of phan- 
tom tests to assure ourselves that we wer 
on target with the special type of image 
quality the cardiologist told us he favore 
And the film from our first patient test ha 
just come out of the processor . . . ready 
for diagnostic evaluation 

“| watched silently as the cardiologist 
scrutinized our cineradiograph. Then he 
turned, beamed, and said .. . ‘You ve jus 
given me the best Christmas present I'v 
ever had. There’s more detail here than 
I've ever seen before. 

"It's moments like that that make this Jo 
so rewarding .. . and that tell me our ap- 
proach to cineradiography is the right 
one. 

“We never start with preconceptions 
about the client’s needs. We prefer to as! 
the diagnostician to tell us what image 
improvements he or she wants. And we v 
also learned that our recommendations 
on how to achieve that image will differ 
greatly ... depending on the exact com- 
bination of cineradiographic equipment i 
place at the facility. 

“Taking this approach requires that all 
our people be thoroughly trained 
cineradiography specialists. It also re- 
quires that we have more than just one fili 
and chemistry to work with. And we do. 
We have two ILFORD Cinegram films . . . 
each with different characteristics... an 
two developers to let us fine tune the 
image even further. And, of course, we 
always set up a complete quality control 
program to keep that image constant. 

"As | see it, our goal is to give superio 
diagnostic information to the cardiologis 
And absolutely everything we do is 
directed to that goal." 

To learn more about the ILFORD 
Cinegram System, call or write... 
ILFORD Inc., Medical Imaging Division, 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000 


ILFORD 


For diagnosticians 
u$. 





who really care about quality. 


Chalmers Wise 


ir I Manager, Cinegram Products 
Ze—s— Medical Imaging Division 





We re proud to introduce 


MICROT FIN 


to you as the first phase 
In our pacing program 
for the future. 


7 
MICROTHIN-1 affords you traditional CPI, reliability Fi f 
important patient be enefits. including: P , | 

/ 
e Slim 11 mm Profile / 


Jj 


e Light Weight f 
"M Predictable, Precise Replacement indicato 
e Unipolar or Bipolar Option 


MICROTHIN-D1 gives you the best features aVailable, in ventricular 
demand pacing . . . unexcelled reliability aftér seven'years of lithium / 
pacing experience, plus carefully engineered product refinements , 
developed through CPI's dedication to pacing perfection. é 


Available in Models 0520 Unipolar and 0620 Bipolar. 


MICROTHIN-P1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up. 


EASY TO PROGRAM" It's a challenge to design a programing 
system that’s easy to use. But CPI turns challenge into precedent- 
setting products and thus MIGROTHIN-P1 is unequalled in program- 
ming ease. A programming Sequence is completed Jn just 2.5 
seconds. 


EASY TO FOLLOW-UP. We've simplified yourfollow-up routine by 
taking the inaccuracy out of the replacementéndicator. You don't 
need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your patients, simply replace 
MICROTHIN-P1 at a magnet rate of 85/ppm. 


PATIENT-ORIENTED OPTIONS. MICROTHIN-P1 provides 90 
rates between 30 and 119. . .20 oditput choices from low diagnostic 
to high output. . .so your care fof each patient can be individualized. 


Available in Models 0522 Unjpolar and 0622 Bipolar. 


There’s more to come! €ontact your sales representative for details. 
And keep in contact, the future with MICROTHIN has just begun. 


2-YEAR WARRANTY EXTENSION 
NOW AVAILABLE! 


Due to the excellent perfor 
mance of the CPI Porous Tip Lead 
we are now granting a 2-year 
MICROTHIN Warranty Extension 
when you implant any MICRO 
THIN pulse generator with a CPI 
Porous Tip Lead. . .see your 
Sales Representative for details 


Cardiac Pacemakers. Inc 
4100 North Hamline Avenue 
PO. Box 43079 
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100 and 300 mg 
Scored Tablets 



















The name 
Zyloprim 
IS NOW 
imprinted on 
each tablet. 
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To assess the effects of surgery for ventricular aneurysm on left ventricular 
performance 18 consecutive patients referred for such surgery were 
studied prospectively. The patients had the following preoperative findings: 
ejection fraction by isotope ventriculogram 28 + 4 percent (mean + 
standard error), New York Heart Association functional class 3.6 + 0.1 
and left ventricular noncontractile area 28 + 3 percent by the graphic 
integration method. Thirteen patients had both angina pectoris and con- 
gestive heart failure, two had angina alone and three had congestive heart 
failure alone. All patients were studied before and after operation with 
isotope ventriculograms at rest and during exercise and treadmill exercise 
tolerance tests if their clinical status permitted these studies. Five patients 
also had postoperative cardiac catheterization. Catheterization data were 
in close agreement with the results of imaging studies. In 11 patients the 
aneurysm was resected and in 4 it was plicated; in 3, no discrete aneurysm 
was found. Sixteen patients including the three with no discrete aneurysm 
had concomitant coronary bypass grafting. There was no operative death 
and one late death. 

After operation, all patients had significant improvement in functional 
class (postoperative class 2.3 + 0.1, p « 0.005). The amount of tissue 
resected (percent of total left ventricular surface area) was about 50 
percent of the noncontractile area visualized on contrast angiography and 
there was a poor correlation between these two values (r = 0.56). Only 
four patients (22 percent) had either an increase in ejection fraction (range 
8 to 13 percent) or a greater than 10 percent reduction in end-diastolic 
volume. Postoperative left ventricular end-diastolic pressure was un- 
changed. Thus, surgery for ventricular aneurysm can be accomplished 
with relatively small risk. Although functional improvement is very com- 
mon, it is not related to substantial improvement in global left ventricular 
function. 


Ventricular aneurysm is considered by some to be a surgically correctable 
cause of congestive heart failure. Although it is generally held that sur- 
gical treatment for aneurysm is effective in selected patients,!—?6 no study 
has prospectively evaluated a consecutive series of patients referred for 
such surgery. The present series is unique because all patients referred 
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to our institution for surgery for left ventricular aneu- 
rysm between July 1977 and April 1978 were evaluated 
in detail both before and after operation. 


Methods 


Patients: The series included all patients evaluated at the 
Iowa City Veterans Hospital and the University of Iowa 
Hospitals from April 1977 to April 1978 whose ventricular 
angiograms indicated a potentially resectable left ventricular 
aneurysm and who were referred for cardiac surgery. There 
were 18 patients, all of whom had a previous myocardial in- 
farction. Fifteen patients had segmental dyskinetic wall mo- 
tion, and the other three had segmental akinesia. None had 
angiographic evidence of trabeculae in any of the involved wall 
segments. In all three patients with segmental akinesia, the 
preoperative left ventricular ejection fraction was less than 
16 percent, as assessed with the isotope ventriculogram, and 
at operation a discrete aneurysm was identified. Thus, the 
patients in this study had a ventricular aneurysm as defined 
by classic criteria. There were 15 men and 3 women, with a 
mean age of 59 years (range 44 to 73). Our protocol was ap- 
proved by the Committee on Research Involving Human 


Beings at the University of Iowa Hospitals, and informed - 


consent was obtained from all patients before entry into the 
study. 

Clinical characteristics (Table I): The time between the 
patients’ first infarction and cardiac surgery ranged from 2 
months to 9 years. The number of previous infarctions aver- 
aged 1.6 and ranged from 1 to 4. The presenting symptoms 
were angina and congestive heart failure in 13 patients, angina 
alone in 2 patients and congestive heart failure alone in 3 pa- 
tients (one of these patients also had recurrent ventricular 
tachycardia). No patient had a history of systemic emboliza- 
tion. Other clinical characteristics of the patients are pre- 
sented in Table I. 


TABLE | 
Summary of Clinical Data in 18 Patients 
NYHA 
Functional CT Ratio 
Class?! by Chest X-ray 
Case Symptoms Pre Post Pre Post 
1 Angina IV II 0.54 0.51 
2 CHF, V tach IV I 0.54 0.50 
3 CHF I I 0.75 0.48 
4 Angina, CHF I | 0.57 0.47 
5 Angina, CHF IV ll 0.54 0.50 
6 Angina, CHF Il I 0.56 0.54 
7 Angina, CHF IV Hl 0.56 0.59 
8 CHF IV Il 0.66 0.72 
9 Angina, CHF IV Il 0.52 0.53 
10 Angina, CHF IV Hl 0.57 0.55 
11 Angina, CHF IV I 0.58 0.55 
12 Angina, CHF IV I 0.56 0.53 
13 Angina, CHF I I 0.46 0.45 
14 Angina, CHF Hl I 0.52 0.51 
15 Angina, CHF IV I 0.54 0.55 
16 Angina I I 0.45 0.44 
17 Angina, DOE IV I 0.49 0.47 
18 Angina, CHF V CN I 0.43 0.45 


* Location by electrocardiographic criteria. 


The number of patients who were taking the following 
cardiac medications before and after operation, respectively, 
was as follows: digoxin (14 and 16); diuretic agents (13 and 10); 
propranolol (7 and 1); frequent nitrate administration (14 and 
4); procainamide or quinidine (2 and 4). Propranolol was taken 
by patients who had angina pectoris. In general, if the patient 
was taking postoperatively medication that he had been taking 
preoperatively, the dosage was not changed. These data 
suggest that major alterations in drug regimen between the 
pre- and postoperative periods did not significantly affect our 
results. ! 

Diagnostic procedures: A history, physical examination, 
12 lead electrocardiogram, posteroanterior and lateral chest 
X-ray films and a treadmill exercise tolerance test (Sheffield 
protocol)?" were obtained before (6 patients) and after (14 
patients) surgery. Peak exercise was determined by any of the 
following criteria: 2 mm or more S-T segment depression, 
increasing chest pain associated with at least 1 mm S-T de- 
pression, incapacitating fatigue or dyspnea, or achievement 
of target heart rate (85 percent of predicted maximum). 

Cardiac imaging procedures: Gated isotope ventriculo- 
grams were obtained before and after operation in all patients. 
Technetium-99m-labeled human red cells or human serum 
albumin (20 mCi) was used as the tracer. Images were ob- 
tained with a Picker 1680 Dyna Camera with an all purpose 
4,000 parallel hole collimator. The energy window was cen- 
tered at 140 KeV with a width of 20 percent. Data were col- 
lected with a Medical Data Systems computer and displayed 
using the cine format previously described.28 Each 40 ms 
frame contained at least 200,000 counts. Prior to visual anal- 
ysis of the isotope ventriculograms for the determination of 
wall motion abnormalities, a variable amount of background 
subtraction was performed. Images were collected in the an- 
terior and left anterior oblique projections. The ejection 
fraction, at rest and during exercise, was calculated from the 


Vessels Time Time 
With From From 
Cardiac Previous CAD MI to CHF to 
Surgery MI* (n) Surgery! Surgery? 
Resection, CABG X3 1 3 2 mo NA 
Resection, CABG X 1 1, Al, lat 2 10 mo 2mo 
Resection, CABG X2 1, Al 2 4mo 4 mo 
Resection 1, Al, lat 1 2 mo 2 mo 
Plication, CABG X6 2, AS, inf 3 9 yr n 
Resection, CABG X2 1, Ant 3 4 mo 4 mo 
Plication, CABG X6 2, AS, inf 3 2 mo >2 yr 
Plication, CABG X3 3 b 2 yr 
Resection, CABG X2 2, AS, inf 3 3 mo 3 mo 
MVR, pacer 

Resection, CABG X 1 1, AS 3 6 mo 2mo 
Resection 2, Inf, Al 1 2 yr 16 mo 
Plication, CABG X4 4, Inf, ant 3 9 mo 9 mo 
Resection, CABG X2 3, Inf, ant 3 7 yr 1 yr 
Resection, CABG X3 2, Inf, Al 3 10 mo 4 mo 
Resection, CABG X3 1, AS 3 7 mo 7 mo 
NOP, CABG X4 1, AS 3 3 yr 
NOP, CABG X3 3, AS, Al 3 2 yr ys 
NOP, CABG X2 2, AS, ant 3 5 yr 2 yr 


t Interval between patient's last infarction and date of cardiac surgery. 


* Interval between onset of symptoms and date of cardiac surgery. 
Al = anterolateral; ant = anterior; AS = anteroseptal; CABG = corona 


CAD = coronary artery disease; CHF = congestive heart failure; CT 


Pre = preoperative; V tach = ventricular tachycardia. 
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ry arterial bypass grafts (the number indicates th 
= cardiothoracic; DOE = dyspnea on exertion; | 
MI = myocardial infarction; NOP = no operative procedure involving the aneurysm; NYHA = New York Heart Association; Post = 


e number of grafts placed); 
nf — inferior; Lat — lateral; 


postoperative; 


left anterior oblique projection. Supine exercise was per- 
formed on a bicycle ergometer. Patients exercised for 2 to 5 
minutes to the maximal tolerated work load or to a heart rate 
of 115 to 130 beats/min. A shoulder harness was used to 
maintain stable positioning. 

Black and white and color photographs of the end-systolic 
and end-diastolic frames were projected to 6 X 6 (15.24 by 
15.24 cm) inch size after background subtraction. Regional 
wall motion was determined by superimposition of the images 
in each view at both end-diastole and end-systole using an 
external marker system. 

Cardiac catheterization: This procedure was performed 
before operation in all patients. All patients with aneurysm 
resection or plication were asked to undergo postoperative 
cardiac catheterization and the five who consented were 
restudied. Patients underwent coronary cinearteriography 
performed by the Judkins method. The left ventriculogram 
was traced in end-diastole and end-systole as previously de- 
scribed from this laboratory.?? Ventricular volumes and 
ejection fraction were obtained according to the technique of 
Kennedy et al.?? using a unified formula. No attempt was 
made to exclude the left ventricular aneurysm when volume 
measurements were made with the area-length method. 
Segmental ventricular contraction was analyzed according to 
the method of Carroll et al.?? The size of the noncontractile 
area was measured in 15 of the 18 patients from the right an- 
terior oblique ventriculogram using the graphic integration 
technique described by Crawford et al.?! 


Operative Technique 


A standard mid sternal incision was made, and the peri- 
cardium was opened, exposing the heart. Proximal anasto- 
moses of the coronary vein grafts to the aorta were occasionally 
made before establishment of cardiopulmonary bypass, but 
generally after the completion of the aneurysm resection and 
distal revascularization procedure. Cardiopulmonary bypass 
was established using two cannulas for venous drainage with 
oxygenated blood returned to the ascending aorta. A bubble 
oxygenator with a contained heat exchanger and a roller pump 
was used exclusively. Anticoagulation was maintained by 
adjustment of an intravenous heparin infusion based on fre- 
quent determinations of activated clotting time. The tem- 
perature of the perfusate was initially between 15? and 20? 
C. After interruption of coronary blood flow the patient's body 
temperature was maintained between 28? and 32? C. A vent 
catheter was placed through the right superior pulmonary vein 
to the left atrium and across the mitral valve to the left ven- 
tricle in all cases. After placement of the aortic cross clamp, 
the aortic root was perfused with hypothermic cardioplegic 
solution in 16 of the 18 patients. The solution of 5 percent 
dextrose in 0.45 N sodium chloride, 20 mEq potassium chlo- 
ride, 5 mEq sodium bicarbonate, and 5,000 units of heparin 
at 4? C. The solution was perfused until total electrome- 
chanical arrest of the heart was achieved. The usual initial 
dose of this solution was about 600 ml; subsequently 200 ml 
of the solution was reperfused at 20 minute intervals 
throughout the procedure. The bypass time ranged from 51 
to 162 minutes (average 109 + 8). 

Adhesions between the heart and pericardium were then 
divided, and the heart was completely mobilized. Negative 
pressure sufficient to suck all blood from the ventricle was 
exerted through the vent catheter in order to delineate the 
margins of the aneurysm by collapse of the thinned-out por- 
.tion of the heart. The size of the aneurysm was then estimated, 
and measurements of the thinned-out portion of the heart 
were taken. In three patients there was no evidence of a lo- 
calized area of thinning in the left ventricular wall, and only 
patchy scarring of the myocardium was found. In these three 
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patients no resection or plication of the angiographically de- 
fined aneurysm was performed. In most of the other patients 
the thinned-out myocardium was incised, and the interior of 
the ventricle was explored by palpation. A 1 cm margin of scar 
was retained at the perimeter of the excised myocardium. The 
excision was carried up to the edge of the septum, but no septal 
myocardium was excised in any case, even though scarring of 
the septum was extensive in many of the cases. The endo- 
cardium was carefully examined for evidence of mural 
thrombi, and all were removed. The interior of the heart was 
then thoroughly irrigated with physiologic saline solution. The 
edges of the myocardium were then approximated using in- 
terrupted horizontal mattress stitches of 0 monofilament 
suture material tied over Teflon? bolsters, reinforced by a 
second layer of running 2-0 monofilament suture material 
placed through the Teflon bolsters to achieve hemostasis. In 
four patients the area of thinned-out scar was so small that 
it did not warrant opening of the ventricle. In these patients, 
the scar was excluded by plication, with interrupted horizontal 
mattress sutures placed through Teflon bolsters to evert the 
thinned out scar. 

The distal coronary revascularization procedure was then 
performed, anastomosing segments of saphenous vein in an 
end to side fashion to small incisions in the coronary arteries 
using running stitch of 7-0 monofilament suture material. The 
proximal anastomosis was then performed during the myo- 
cardial reperfusion period using a side occlusion clamp to 
isolate a portion of the ascending aorta. Circular apertures 
were made in the ascending aorta by punch excision of a 
portion of the aortic wall, and an end to side anastomosis of 
the saphenous vein segments was made to the aorta using a 
running stitch of 5-0 monofilament suture material. Details 
of the variations of the operative procedure and associated 
procedures are summarized in Table I. 


Results 
Clinical Data 


Physical examination: Preoperatively, 15 patients 
had an abnormal cardiac impulse on palpation. In six, 
the apical impulse was double or paradoxical and in 
nine, it was laterally displaced, diffuse and sustained. 
Ten patients had a third sound gallop on auscultation, 
and nine patients had a systolic murmur at the apex. 
Three patients had a normal cardiac examination, in- 
cluding two patients (Cases 17 and 18) in whom a well 
demarcated aneurysm was not identified at opera- 
tion. 

Postoperatively, the physical examination remained 
abnormal in 13 of the 15 patients with abnormal pre- 
operative findings and remained normal in the three 
patients with normal preoperative physical findings. 

Chest X-ray film: The chest X-ray film demon- 
strated cardiomegaly (defined as a cardiothoracic ratio 
of 0.5 or greater) in 14 patients (Table I). However, in 
only three patients was there a distinct left ventricular 
bulge or shoulder suggestive of left ventricular aneu- 
rysm. Four patients including the three (Cases 16 to 18) 
in whom a well demarcated aneurysm was not identified 
had a normal chest X-ray film. 

Postoperatively, cardiomegaly was present in 9 of the 
14 patients with a preoperative cardiothoracic ratio of 
greater than 0.5. The cardiothoracic ratio was not sig- 
nificantly changed postoperatively in the total group 
(0.5 + 0.02 [mean + standard error| preoperatively 
versus 0.52 + 0.02 postoperatively). 
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FIGURE 1. Preoperative (Pre-Op) and postoperative (Post-Op) functional 
class (New York Heart Association Criteria) of the 18 patients. All pa- 


tients manifested improvement postoperatively by at least one func- 
tional class and six by two functional classes. 
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Electrocardiogram: The preoperative electrocar- 
diogram revealed in 12 patients S-T segment elevation 
of 1 mm or more in at least one lead corresponding to the 
area of infarction. Among the six patients without S- T 
elevation, three had persistent right bundle branch 
block, which made S-T interpretation difficult. In the 
postoperative electrocardiogram, S-T elevation either 
at rest or with exercise persisted in 11 of the 12 patients 
with preoperative S-T elevation. 


TABLE Il 
Preoperative and Postoperative Findings in 18 Patients 


Resection 


Preop Cath 96 of 


Age EDV/ LV % cm? of LV 
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Functional class and results of exercise testing: 
The mean functional class (New York Heart Association 
criteria)?! was 3.6 + 0.1 preoperatively and decreased 
to 2.3 + 0.1 postoperatively (p «0.001) (Fig. 1). Fur- 
thermore, all patients manifested postoperatively im- 
provement by at least one functional class. Disabling 
congestive heart failure or unstable angina prevented 
all but 6 of the 18 patients from having a preoperative 
treadmill test (Sheffield protocol) (Table II). Five of the 
six patients who exercised preoperatively experienced 
angina and S-T depression at 1.5, 2.5, 3, 7 and 9 minutes 
of exercise; one stopped at 3.5 minutes because of 
claudication without angina or S-T depression. 

Postoperatively, all but four patients were able to 
exercise (three of the four had congestive heart failure 
and one manifested atrial fibrillation just before the 
scheduled exercise test). Four patients experienced 
chest pain in the postoperative treadmill test and, in 
three, the pain was accompanied by 1 to 2 mm S-T de- 
pression. Seven other patients manifested additional 
S-T elevation in the postoperative exercise test. The 
postoperative exercise test was stopped for the following 
reasons: achievement of target heart rate (seven pa- 
tients), shortness of breath (three), claudication (two) 
and angina (two). 

Operative results: In 11 patients the aneurysm was 
resected, in 4 it was plicated and in 3 no discrete aneu- 
rysm was found (Table II). In these three patients, 
preoperative contrast ventriculograms demonstrated 
an apical dyskinetic area. Sixteen patients, including 
the three with no discrete aneurysm, had concomitant 
coronary artery bypass grafting. There were no opera- 
tive or early postoperative deaths. One patient died 9 


Isotope Treadmill Exercise Test 
Ventriculograph Preop Postop 
Preop Postop Time on Time on 
EF EF EF Double Treadmill Double Treadmill 


Case (yr) EDP EF TSA NCA LV TSA Rest Rest Ex Product (min) Product (min) 
101/12 25 189 25 20 11 35 46 39 s TM 23,400 9 


2 73 245/22 12 334 21 54 16 15 23 17 31,775 14 
3 68. .. 4711 "T AS: 50 70 ‘as 28 41 48 23,200 "n 
4 44 103/11 20 204 58 54 26 42 44 46 (AR du 28,560 15 
5 71 90/4 44 159 10 3 t. 40 38 48 14,400 3 16,625 
6 67 124/10 43 209 20 25 12 32 27 26 11,600 9 26,425 14 
7 De. vsu de Ps e r ovs 13 12 9 didi m 12,880 E 
8 65 199/30 17 249 47 ‘ Ks 12 11 pacha ; 49 
9 47 115/40 18 216 25 30 14 20 16 
10 67 148/32 20 287 38 24 8 9 14 ves 
11 72 . 162/22 29 253 16 20 8 13 14 18 | 21,120 
12 47 122/11 26 212 30 j 23 14 ae uar 
13 63 125/8 39 210 26 15 7 24 22 18,400 3%, nu Nu 
14 49 110/24 26 197 20 15 8 24 25 25 13,230 7 22,050 91 
15 EE 111/19 32 193 17 18 9 31 31 M jo here 20,000 3 
16t 57 90/24 21 163 35 0 0 31 41 42 18,000 1V 16,800 9 
171 54 92/7 29 E. 15 0 0 32 41 37 12,600 25 29,750 15 


18t 52 133/10 30 241 18 0 0 26 22 22 Wo ris 19,720 8 
* Aneurysm was plicated. ; 


t In these patients no aneurysm was found at operation. 

Cath = cardiac catheterization; Double Product = heart rate times systolic blood pressure; EDP = end-diastolic pressure (mm Hg); EDV = end- 
diastolic volume (ml/m?); EF = left ventricular ejection fraction (%); Ex = supine bicycle exercise; LV = left ventricle; LV TSA = total surface 
area of left ventricle??: NCA = noncontractile area; Postop = postoperative; Preop = preoperative; ... = data not available. 
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months after aneurysm plication (Case 8). The amount 
of tissue resected was determined from pathologic re- 
ports. In the four pátients who had plication, the size of 
the area plicated was estimated by the surgeon. These 
estimates were reasonably accurate because this study 
was prospective. Furthermore, the amount of tissue 
plicated was always less than 10 cm?. Only three pa- 
tients (Cases 2 to 4) had extensive resection (60 + 5 cm”, 
range 54 to 70 cm? versus a group mean [Cases 1 and 5 
to 15] of 21 + 2 cm?, range 18 to 30 cm?), The three pa- 
tients with extensive resection exhibited some im- 
provement in ejection fraction after operation as meá- 
sured by isotope ventriculography (+2 percent, +8 
percent and +13 percent, respectively). In contrast, the 
mean change in ejection fraction of patients without 
extensive resection was insignificant (+1 + 5 percent). 
In our laboratory, ejection fraction measurements ob- 
tained by repeated isotope ventriculograms (n = 18) in 
the same patient under stable conditions vary by +5 
percent. WES 

Follow-up: The average period of follow-up has been 
8 months (range 3 to 15). There was one late death (Case 
8) after the patient experienced reversion to class IV 
congestive heart failure. During the follow-up period, 
none of the survivors experienced syniptomatic dete- 
rioration from the initial improvement achieved on full 
recovery from operation or manifested further im- 
provement. | 

Gated blood pool images: Gated blood pool scans 
in all patients demonstrated a segmerital area of left 
ventricular dysfunction. Wall motion was analyzed on 
the isotope ventriculogram by dividing the ventricle into 
six segments: anterior, apical and inferior on the ante- 
rior projection, and septal, apical and lateral on the left 
anterior oblique projection. Segments were graded as 
follows: normal motion 3 points, hypokinesia 2 points, 
akinesia 1 point and dyskinesia 0. T'hus, a normal ven- 
tricle would have a score of 15. 

All isotope ventriculograms were compared with 
their corresponding cineangiographic projections 
(anterior versus right anterior oblique, and left anterior 
oblique versus left anterior oblique). There was agree- 
ment between the two studies on abnormal versus 
normal motion in 108 of the 110 segments analyzed. In 
98 segments, there was perfect agreement concerning 
the precise motion classification. In the remaining 12 
segments, the disagreement concerned the degree of 
abnormal wall motion rather than location in all but one 
instance. In all cases, the precise classification of these 
segments varied by only one “class.” . 

Left ventricular ejection fraction at rest improved 
postoperatively by 5 percent or greater in only 3 of the 
15 patients (Cases 1 to 3) who underwent either aneu- 
rysm resection or plication (ejection fraction 26 + 6 
percent preoperatively versus 37 + 7 percent postop- 
eratively), (Fig. 2); in the remaining 12 patients (Cases 
4 to 15) the mean ejection fraction was unchanged (24 
+ 3 preoperatively versus 23 + 3 postoperatively). 

In comparing isotope ventriculogram before and 
after operation, we found a lessening of segmental wall 
motion abnormalities only in patients who showed a 5 
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FIGURE 2. Relation between,changes in ejection fraction (EF) and the 
extent of tissue resected at the time of aneurysm surgery. All but three 
of the postoperative ejection fractions were +5 ejection units of the 
preoperative value. Changes of +5 units are not significant. Thus, only 
three patients (Cases 1 to 3) with aneurysm resection had a significant 
increase in postoperative ejection fraction. 


percent or greater increase in left ventricular ejection 
fraction postoperatively (Cases 1 to 3, 16 and 17: 10.2 
+ 0.4 preoperatively versus 13.2 + 0.4 postoperatively; 
p <0.005). In all other patients, segmental function was 
unchanged (9.9 + 0.5 preoperatively versus 10.6 to 0.5 
postoperatively; p <0.05). Figure 3 shows a represen- 
tative example of improved ventriculographic findings 
(Case 2) in the anterior and left anterior oblique pro- 
jections. | | 

Only four patients underwent an exercise isotope 
ventriculogram before surgery; the remaining patients 
were judged to be too severely disabled by angina or 
congestive heart failure. Two patients who had a 
treadmill test did not undergo exercise isotope ven- 
triculography because in the interim their symptoms 
worsened. Preoperatively, the exercise isotope ven- 
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FIGURE 3. Pre- and postoperative isotope ventriculograms in Patient 
2. who had a very large ventricular aneurysm. The continuous line and 
the dotted line are the outlines of the ventricle in diastole and systole, 
respectively. It is apparent that there was significant improvement in 
ventricular geometry postoperatively. Ant. — anterior projection; LAO 
= left anterior oblique projection. 
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TABLE Ill 


Preoperative and Postoperative Cardiac Catheterization Data in Five Patients 


Ejection Fraction (96) 








NCA 
EDV ESV By By Isotope LVEDP 
Case (ml) (ml) Angiography Study (mm Hg) cm? 96 TSA 

1 

Preop 201 129 36 35 12 48 25 

Postop 132 78 40 46 8 din 0 
2 

Preop 464 372 20 15 22 71 21 

Postop 270 177 35 23 20 42 18 
5 ! 2d 

Preop 153 88 44 40 4 14 10 

Postop 172 96 41 38 11 21 12 
6 

Preop 231 132 43 32 10 41 20 

Postop 219 140 36 27 12 65 25 
7 ; 

Preop A A m 13 20 d 4 

Postop 239 201 15 12 35 143 68 


EDV = end-diastolic volume; ESV = end-systolic volume; LVEDP = left ventricular end-diastolic pressure; NCA = noncontractile area; % TSA 


= percent of total ventricular surface area: Postop = 


triculogram showed no change or a deterioration in left 
ventricular ejection fraction in all four patients (mean 
decrease 5 + 2 percent). Postoperatively, in the 14 pa- 
tients who were able to exercise, there was no appre- 
ciable change in mean ejection fraction with exercise 
(ejection fraction 31.2 + 2.9 percent at rest versus 31.4 
+ 3.9 percent with exercise); 

Coronary angiography: All patients had coronary 
arterial obstruction (Table I), and all but one had a 
significant lesion or obstruction of the left anterior de- 
scending coronary artery. Postoperative cardiac cath- 
eterization in five patients showed a graft patency rate 
of 90 percent and progression of coronary artery disease 
in 13 of 19 grafted vessels. © | 

Contrast ventriculography (Tables I and II): The 
location of the ventricular aneurysm was anteroapical 
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FIGURE 4. Percent of the left ventricular (LV) surface area resected 
related to percent of left ventricular noncontractile area visualized by 
contrast angiography. The amount of tissue resected was always less 
than the percent of noncontracting left ventricle and the correlation 
between the two values was poor. 
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postoperative; Preop = preoperative; . . . = data not available. 
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in 12 patients, apical in 5 patients, anterolateral in 1 
patient and anteroapical and inferior in 1 patient. A 
right anterior oblique view was obtained in 17 patients 
preoperatively and in 5 postoperatively. A left anterior 
oblique view was obtained in 15 patients preoperatively 
and in 4 patients postoperatively. 

All patients had increased left ventricular volume 
(range 90 to 250 ml/m?) and decréased ejection fraction 
(range 14 to 44 percent). Left ventricular volumes 
measured postoperatively in five patients showed a 
reduction in volume of 33 and 44 percent, respectively, 
in Cases 1 and 2. The ejection fractions by contrast an- 
giography before and after operation were similar to 
those obtained with the isotope ventriculogram (Tables 
II and III). 

Left ventricular end-diastolic pressure was elevated 
(greater than 12 mm Hg) in 10 patients preoperatively. 
In the five patients studied postoperatively, there was 
no significant change in this variable (mean change 4-3 
+ 2mm Hg), although in one patient it was increased 
by 15 mm Hg. ji 

The mean size of the noncontractile area was 28 + 
3 pereent (range 10 to 48 percent). The amount of tissue 
resected (percent of total left ventricular surface area) 
was always less than the percent of noncontractile area 
visualized pn angiography, and there was a poor corre- 
lation between the two values (Fig. 4). 

Significant mitral regurgitation, defined as 2+ or 
greater (progressive opacification of the left atrium over 
4 to 5 beats), was present in only one patient preoper- 
atively. This patient (Case 9) underwent mitral valve 
replacement. 


Discussion 


Evaluation of surgery for ventricular aneurysm: 
For accurate assessment of a surgical procedure, all 
patients submitted to the operation should be evaluated 
prospectively. Although many studies relating to the 
efficacy of surgery for left ventricular aneurysm have 


been reported,?-26 many?-!? did not provide detailed 
postoperative evaluation of patients. In studies in which 
postoperative hemodynamic findings were re- 
ported, !?-?9 usually only a small proportion of the pa- 
tients in the study had a postoperative hemodynamic 
evaluation. In no previous study has there been any 
attempt to assess exercise tolerance systematically be- 
fore and after operation. Thus, this study is unique in 
that a consecutive prospective series of patients referred 
for aneurysm surgery has been evaluated in detail, both 
before and after operation. 

The three important observations made in this 
study are: 

1. In one third of patients who have angiographic 
evidence of left ventricular aneurysm, a resectable an- 
eurysm is not found at operation. The frequency with 
which this finding occurs has not previously been 
quantified in a prospective surgical series. 

2. Although patients who have aneurysm surgery are 
clinically improved postoperatively, one cannot at- 
- tribute this to a measurable improvement in left ven- 
tricular performance in the majority of the patients. If 
one assesses left ventricular ejection fraction with a 
geometry-independent method [the isotope ventricu- 
logram], left ventricular aneurysm surgery is not asso- 
ciated with any improvement in ejection fraction on the 
average. This calls into question the value of this sur- 
gical procedure when it is performed primarily to im- 
prove left ventricular function. | 

3. The surface area of the aneurysm as estimated 
angiographically is two times the size of the surface area 
of the tissue resected. This finding suggests that the 
reason that this procedure does not improve left ven- 
tricular function is that a substantial portion of the in- 
volved area is not resected. 

Clinical definition of ventricular aneurysm: The 
importance of the observations made in this clinical 
series hinges on the definition of a left ventricular an- 
eurysm. The pathologic definition generally accepted 
is that of Edwards,?? who described an aneurysm as "a 
protrusion of a localized portion of the external aspect 
of the left ventricle beyond the remainder of the cardiac 
surface with simultaneous protrusion of the cavity as 
well." This definition is difficult to use clinically because 
the surface of the left ventricle is not visualized angio- 
graphically as well as the cavity, which can be opacified 
with contrast media. Furthermore, except in extreme 
cases, it is difficult to define with precision localized 
abnormalities in the diastolic shape of the ventricular 
cavity. Consequently, many authors now use an angio- 
graphic definition of left ventricular aneurysm that is 
based upon the pioneering work of Gorlin et al.?4 These 
workers defined an aneurysm a$ a motion disturbance 
in which a portion of the left ventricular cavity exhibited 
either localized akinesia or dyskinesia during the sys- 
tolic phase of a left ventricular cineangiogram. They also 
noted that many “aneurysms” diagnosed by these an- 
giographic criteria were not composed of a well de- 
marcated, thin-walled fibrotic area that might be re- 
sected. In their initial series, in one half of the patients 
with angiographically defined aneurysms the involved 


area had “mixed” full thickness muscle and fibrosis. In 
our prospective, consecutive series of patients we de- 
fined an aneurysm using the angiographic criteria of 
Gorlin et al. We found a resectable aneurysm in about 
two thirds of the patients who had an angiographically 
definable aneurysm. It is clear that additional preop- 
erative diagnostic criteria are needed. The most prom- 
ising approach would probably be to determine the wall 
thickness of the involved area with two dimensional 
echocardiographic techniques. 

Possible limitations of our study: There are four 
deficiencies in our study. First, only 2 of the 18 patients 
in our series underwent aneurysm resection without 
coronary bypass grafting. Thus, our results mainly re- 
flect the efficacy of combined surgical procedures. 
Second, only 6 of our 18 patients had exercise testing 
preoperatively. Early in the series, we decided not to 
subject patients with class [V symptoms to exercise 
studies. Ten of the 12 patients who did not exercise 
preoperatively had class IV symptoms. Nonetheless, we 
are certain that all of the patients did experience sig- 
nificant functional improvement postoperatively. The 
average functional class improved from 3.6 + 0.1 to 2.3 
+ 0.1 (p <0.005), and postoperative exercise testing 
confirmed this clinical assessment in many of our pa- 
tients. Third, left ventricular end-diastolic volume and 
pressure were not measured postoperatively in the 
majority of our patients. Thus, it is possible that de- 
creases in left ventricular volume and pressure as a re- 
sult of the surgical procedure are underestimated by our 
data. Because left ventricular end-diastolic pressure was 
not decreased in the five patients studied postopera- 
tively and cardiothoracic ratio on X-ray examination 
did not change significantly in most patients, it is un- 
likely that a large proportion of the postoperative pa- 
tients who did not undergo postoperative cardiac 
catheterization experienced major improvement in left 
ventricular end-diastolic volume and pressure. Fur- 
thermore, when other investigators!?-?6 have measured 
left ventricular end-diastolic volume and pressure in 
patients after left ventricular aneurysmectomy, the 
decreases in end-diastolic volume and pressure observed 
have been modest. Fourth, our series is relatively small. 
Because of this, we must rely heavily on statistical in- 
ference in attempting to utilize the data presented to 
predict the outcome of large numbers of patients 
subjected to a similar surgical procedure. 

Mechanisms of functional improvement after 
operation: Even though only a minority of patients 
demonstrated an objective improvement in global left 
ventricular performance after operation, all patients 
experienced some improvement in their functional class. 
There are several explanations for this apparent dis- 
crepancy. First, 15 of 18 patients had significant angina 
and in all of these patients the angina was lessened 
postoperatively. Our postoperative catheterization 
studies demonstrated that 90 percent of the implanted 
coronary grafts studied were patent. Thus, relief of 
angina secondary to the coronary bypass graft proce- 
dure was in part responsible for the improvement of the 
functional class that we observed in our patients. 
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Second, relief of anginal pain allowed most patients 
to participate in a well organized rehabilitation pro- 
gram. Postoperatively, the patients were instructed in 
how to take their pulse rate and asked to exercise 3 to 
5 times a week. The exercise period consisted of 3 to 5 
minutes of warm-up and cool-down and, initially, 10 
minutes of walking at a pace that increased heart rate 
to about 110 beats/min. On return to the rehabilitation 
clinic 8 weeks postoperatively, the patients were given 
a new exercise prescription based on the results of the 
treadmill test. The “training” heart rate was then reset 
to 0.6 to 0.8 times the “maximal” safe heart rate 
achieved during the exercise test. Compliance was ex- 
cellent as assessed by exercise records kept by the pa- 
tients. These records indicated that 85 percent of pa- 
tients participated in the rehabilitation program. Many 
investigators have demonstrated a significant im- 
provement in exercise tolerance in patients with heart 
disease after a regular exercise program.?^ 

Third, the operation may have had a placebo effect. 
The magnitude of this placebo effect cannot be evalu- 
ated in this study. Fourth, because many of our patients 
had other diseases (diffuse atherosclerotic peripheral 
vascular disease, diabetes mellitus, hypertension, for 
example), the favorable response to surgery may in part 
reflect better medical management of noncardiac dis- 
eases or symptoms of heart disease. 

Finally, there may have been improvements in car- 
diac function that are too subtle to be detected by 
present invasive or noninvasive methods. 'Thus, al- 
though global left ventricular performance did not im- 
prove in most of our patients, there are many other 
plausible reasons for the improvement in exercise ca- 
pacity that our patients experienced. 

Value of radionuclide imaging studies: The effi- 
cacy of the isotope ventriculogram in evaluating seg- 
mental and global left ventricular function was con- 
firmed in our study. There was excellent agreement 
between wall motion as assessed with the gated blood 
pool studies and left ventriculography. Other investi- 


gators have also shown that the isotope ventriculogram 
is very helpful in evaluating patients with coronary ar- 
tery disease and left ventricular aneurysm.36-39 

Comparison with previous studies: There have 
been no prospective consecutive studies to evaluate the 
efficacy of left ventricular aneurysm surgery. However, 
a few studies have documented hemodynamic im- 
provement in left ventricular function after aneurysm 
surgery.1?-?6 The data obtained in these series are dif- 
ficult to extrapolate to groups of patients with left 
ventricular aneurysm, because the patients studied 
postoperatively were not consecutive patients. These 
studies have indicated that modest changes in left 
ventricular end-diastolic volume and pressure can fol- 
low aneurysm surgery, but values in few patients return 
to normal. Patients having extensive aneurysm surgery 
have had the most impressive objective evidence of 
improved left ventricular performance. : 

Implications: Our study has demonstrated that in 
the majority of patients subjected to left ventricular 
aneurysm resection, surgery does not result in a major 
improvement in global left ventricular. performance. 
Although functional improvement occurs in most pa- 
tients subjected to the surgical procedure, the mecha- 
nisms responsible for the improvement are complex and 
frequently unrelated to an objective improvement in 
overall left ventricular function. 
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In 12 patients with left ventricular aneurysm and chronic congestive heart 
failure, left ventricular functional reserve was assessed from the hemo- 
dynamic response to exercise stress after administration of isosorbide 
dinitrate. Two to 23 months (mean 8.6 months) after left ventricular an- 
eurysmectomy hemodynamic measurements were made with the patient 
at rest and during exercise and were analyzed with respect to preoperative 
data. Left ventricular aneurysmectomy reduced mean left ventricular filling 
pressure from 25 to 17 mm Hg at rest (p <0.02) and from 39 to 32 mm 
Hg during exercise (p <0.05). There was no significant change in mean 
stroke volume index at rest or during exercise. 

Changes in resting and exercise hemodynamic indexes of left ven- 
tricular function produced by aneurysmectomy were inversely related 
to preoperative left ventricular function. Hence, hemodynamic status was 
less likely to improve in patients with good preoperative left ventricular 
function. Similarly, resting and exercise values for left ventricular function 
tended to improve in patients with reduced ejection fraction of the con- 
tractile section of the left ventricle. Left ventricular aneurysmectomy was 
generally effective in reducing left ventricular filling pressure but failed 
to achieve clinically important improvement in left ventricular performance 
during exercise. In patients with chronic congestive heart failure, left 
ventricular aneurysmectomy should be performed only after careful as- 
sessment of preoperative left ventricular functional reserve. 


Chronic congestive heart failure associated with left ventricular aneu- 
rysm is a frequent complication of acute myocardial infarction. Left 
ventricular aneurysmectomy is widely performed in an attempt to al- 
leviate the symptoms of heart failure in patients with this condition. 
Although some centers have reported a beneficial effect with improve- 
ment in exercise tolerance, this is not a universal experience.!-? 
Although most studies have been based on subjective assessment of 
symptoms, there have been few prospective hemodynamic studies as- 
sessing the effects of left ventricular aneurysmectomy on left ventricular 
performance at rest and during exercise. This prospective study was 
therefore performed to characterize left ventricular functional reserve 
using exercise stress and isosorbide dinitrate in patients with left ven- 
tricular aneurysm and chronic congestive heart failure and to analyze 
the findings with respect to rest and exercise hemodynamics after left. 
ventricular aneurysmectomy. 
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Methods 


Study Patients (Tables | and II) 


Criteria for entry into the study were the presence of con- 
gestive heart failure associated with left ventricular aneurysm 
and the ability to perform submaximal leg exercise in a supine 
position. Twelve patients were studied: 10 men and 2 women 
aged 44 to 65 years. All had a history of acute myocardial in- 
farction substantiated by electrocardiographic changes. Ex- 
ertional dyspnea was the principal symptom in all. Additional 
symptoms included angina pectoris, palpitations and parox- 
ysmal nocturnal dyspnea. In each patient clinical and radio- 
graphic evidence of congestive heart failure was present. All 
but one were receiving diuretic therapy (Table I). 

Hemodynamic measurements: After giving informed 
consent, each patient underwent cardiac catheterization. A 
left ventricular cineangiogram was in the right anterior oblique 
view using 40 ml of Conray? as the contrast medium. Coronary 
angiography was performed in all patients. Pressures were 
measured with Bell and Howell transducers and recorded on 
a Mingograf 82 recorder. The transducers were set at 0 at mid 
chest level. Mean pressures were obtained by electronic in- 
tegration of the phasic pressures. After the diagnostic proce- 
dure, a period of 40 minutes was allowed for hemodynamic 
recovery from the effects of contrast medium.^ 

A flow-directed thermodilution catheter was positioned in 
the pulmonary artery. In nine patients systemic arterial 
pressure was measured and left ventricular filling pressure was 
measured indirectly from mean pulmonary capillary wedge 
pressure. In three patients filling pressure was measured di- 
rectly with a catheter positioned in the left ventricle; systemic 
arterial pressure was not measured. Cardiac output was 
gauged by the thermodilution technique’: Each estimation 
was performed in triplicate and there was less than 10 percent 
variation between values obtained. (In one patient (Patient 
11, Table I) satisfactory preoperative estimations of cardiac 
output were not obtained.) 


Exercise protocol and isosorbide dinitrate adminis- 
tration: After measurements were made of heart rate, pres- 
sures and cardiac output, the patients underwent submaximal 
supine leg exercise using a bicycle ergometer for 2 minutes, 
when measurements were repeated. (The level of exercise was 
predetermined. Submaximal levels were chosen to avoid 
precipitating angina and to allow the patients to exercise 
without distress for a period long enough for data collec- 
tion.) 

To augment left ventricular performance during exercise, 
isosorbide dinitrate, 5 to 10 mg, was administered sub- 
lingually. Measurements were repeated after 15 minutes of 
rest and again during exercise after 2 minutes at the same 
work load as before. Each patient subsequently underwent 
left ventricular aneurysmectomy. Two patients, in addition, 
received coronary arterial vein grafts (‘Table I). 


8 


Operative Procedure 


Operation was performed using cardiopulmonary bypass 
with a bubble oxygenator. Systemic hypothermia was used to 
an average temperature of 28? C (ranging from 25? C to 30° 
C esophageal). In all patients the aneurysm extended to, but 
did not involve, the base of the papillary muscles and no pa- 
tient had an obvious abnormality of the mitral valve appara- 
tus. The aneurysm was excised, leaving a 1 cm cuff of fibrous 
material, which was then oversewn in two layers of Teflon? 
strips. Cardiopulmonary bypass was discontinued at nor- 
mothermia after evacuation of air from the heart. The same 
surgical technique was used in all patients. The duration of 
cardiopulmonary bypass did not vary significantly. 

Follow-up studies: The patients were interviewed 2 to 23 
months (mean 8.6) after operation with regard to their 
symptoms. Current drug therapy was recorded. Each patient 
then underwent right heart catheterization regardless of 
symptoms; diuretic and digitalis therapy were not discon- 
tinued on the day of the study. Measurements were made of 
heart rate, pulmonary capillary wedge pressure and cardiac 
output at rest and during supine leg exercise. Exercise mea- 
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TABLE | 
Patient Data 
Coronary 
Age (yr) Myocardial Arterial 
Case & Sex Infarction* Obstruction’ Operation 
1 56M Ant 100% LAD LVA 
75% RCA 
2 44M 100% LAD LVA; CAVG 
75% LCx (X2) 
7596 RCA 
3 59M Ant 10096 LAD LVA 
4 58M Ant 10096 LAD LVA 
5 61M Ant 10096 LAD LVA 
6 51F Ant 10096 LAD LVA 
7 62M Inf 10096 RCA LVA 
8 62M Ant 10096 LAD LVA 
9 49M Ant 10096 LAD LVA 
10 56M Ant 10096 LAD LVA 
11 65F Ant 10096 LAD LVA 
12 64M Ant 10096 LAD, LVA; CAVG 
7596 LCx, (X2) 
marginals 
5096 RCA 


Drug Therapy (daily dose) 





Months Studied 
Post LVA Pre LVA Post LVA 
2 Furosemide, 80 mg Bumetanide, 1 mg 
2 — Furosemide, 40 mg; 


digoxin, 0.25 mg 


Furosemide, 80 mg 
Bumetanide, 4 mg 


2 Bumetanide, 1 mg 
4 

3 Furosemide, 40 mg; 

5 

5 

4 


Bumetanide, 1 mg 
Furosemide, 40 mg 


— 


digoxin, 0.25 mg 
Furosemide, 120 mg 
Furosemide, 80 mg 
Furosemide, 160 mg; 

digoxin, 0.25 mg 


Bumetanide, 2 mg 

Bumetanide, 1 mg 

Bumetanide, 2 mg; 
spironolactone, 50 mg 


23 Furosemide, 40 mg 

19 Furosemide, 80 mg Furosemide, 40 mg 

22 Furosemide, 80 mg Furosemide, 40 mg 
2 Furosemide, 40 mg; Furosemide, 40 mg; 


amiloride, 5 mg; 
atenolol, 50 mg 


disopyramide, 400 mg 


POE NNNM aa A EUM —— A n nm 


* Assessed with electrocardiography. 
* Assessed with coronary arteriography. 


Ant — anterior; CAVG = coronary arterial vein graft; ECG = electrocardiogram; Inf = inferior; LAD = left anterior descending coronary artery; 
LCx = left circumflex coronary artery; LVA = left ventricular aneurysmectomy; Post = after; Pre = before; RCA = right coronary artery. 
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TABLE Il 
Symptomatic Results of Left Ventricular Aneurysmectomy 


Before LVA After LVA 
Exercise Exercise 
Tolerance Tolerance 
Case Symptoms (NYHA Class) Comments Symptoms (NYHA Class) Comments 
1 Exertional Hl Paroxysmal Exertional I Ventricular tachycardia abolished 
dyspnea, ventricular dyspnea 
palpitations tachycardia 
2 Exertional Il Exertional I Angina relieved 
dyspnea, dyspnea 
angina 
3 Exertional Hl Exertional Il Slight improvement in 
dyspnea, dyspnea exercise tolerance 
angina 
4 Exertional I PND Exertional I No PND 
dyspnea, dyspnea 
angina 
5 Exertional I Exertional Hl Slight improvement in 
dyspnea dyspnea exercise tolerance 
6 Exertional Il Exertional Il 
dyspnea dyspnea 
7 Exertional Il TIA (presumed Exertional I 
dyspnea embolic) dyspnea 
8 Exertional I Exertional I Readmitted 2 mo after LVA with 
dyspnea dyspnea severe CHF (NYHA class IV) 
9 Exertional Il None I Significant improvement in 
dyspnea exercise tolerance 
10 Exertional Hl PND Exertional d Slight improvement in 
dyspnea dyspnea exercise tolerance; no PND 
11 Exertional Hl Exertional Hl Slight improvement in 
dyspnea dyspnea exercise tolerance 
12 Palpitations, I Paroxysmal atrial Palpitations I Paroxysmal 
angina flutter atrial flutter; angina relieved 


CHF = congestive heart failure; LVA = left ventricular aneurysmectomy; NYHA = New York Heart Association; PND = paroxysmal nocturnal 
dyspnea; TIA = transient ischemic attacks. 


TABLE Ill 
Hemodynamic Effects of Exercise and Isosorbide Dinitrate (means and standard deviations) 
ISDN 
Rest Exercise p n Rest p n Exercise p n 

Heart rate 88 + 13.6 117+ 16.7 «0.001 12 90 + 14.7 NS 12 116 3 16.5 | «0.001 12 
(beats/min) 

Mean systemic arterial 92+ 8.6 108 + 9.9 «0.001 9 86 + 8.7 NS 9 98 + 10.0 NS 9 
pressure (mm Hg) 

Cardiac index 3.2+ 0.9 43+ 1.4 <0.01 11 3.1 X 0.8 NS 10 4.9 t 1.3 «0.01 11 
(liters/min per m?) 

Stroke volume index 37 + 12.1 37 + 10.8 NS 11 36 + 13.2 NS 10 434129 «0.01 11 
(ml/m^) 

Left ventricular filling 25 t 9.5 39 € 10.7 «0.001 12 15 + 8.1 «0.001 12 25 + 10.3 NS 12 
pressure (mm Hg) 

Left ventricular stroke 32 + 11.2 34+ 14.3 NS 11 33 + 11.7 NS 10 41+12.8 «0.001 11 
work index (g-m/m?) 

Systemic vascular 1390 + 433 1269 + 482 NS 9 1382 + 358 NS 8 995+ 359 <0.01 9 


resistance (dynes s 
cm^5) 


ISDN = isosorbide dinitrate; n = number of patients; NS — not significant; p — probability (with respect to rest). 


TABLE IV 


Left Ventricular Cineangiographic Data 
Patient 
1 2 3 4 5 6 7 8 9 10 11 12 
Total left ventricular ejection fraction (96) 30 29 18 24 17 17. 38 en "DE 13. 29 EM 


Ejection fraction of contractile section of left ventricle (96) 43 43 24 39 38 42 38 47 40 26 41 53 
Left ventricular end-diastolic volume (ml) 180 338 580 287 274 Jug .— . OFS CIF ee uL "eb 


— = not measured. 
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surements were made after the same period of exercise and 
at the same work rate as preoperatively. 


Calculations 


Hemodynamic data: From the measured data the fol- 
lowing derived data were calculated: cardiac index (liters/min 
per m2); stroke volume index (ml/m^?); systemic vascular re- 
sistance (dynes s cm~); and left ventricular stroke work index 
(LVSWD (g-m/m?). In the three patients whose left ventric- 
ular pressure was measured, left ventricular stroke work index 
was calculated from the formula: LVSWI = (LVSP - 
LVEDP) x SVI X 0.0136, where LVSP = mean left ventric- 
ular systolic pressure (mm Hg) (obtained from the left ven- 
tricular pressure tracing between the onset of the upstroke to 
the point on the downstroke where pressure fell below the 
end-diastolic pressure); LVEDP = left ventricular end-dia- 
stolic pressure (mm Hg); and SVI - stroke volume index 
(ml/m?). 

In the remaining patients left ventricular stroke work index 
was calculated from the formula: LVSWI = (AP — PCWP) x 
SVI X 0.0136, where AP = mean systemic arterial pressure 
(mm Hg) and PCWP = mean pulmonary capillary wedge 
pressure (mm Hg). 

Cineangiographic data: For the purposes of this study left 
ventricular aneurysm was defined as a dyskinetic or akinetic 
segment (as seen in the left ventricular cineangiogram) clearly 
demarcated from a contractile section. Total left ventricular 
ejection fraction was calculated by the method of Sandler and 
Dodge.? The ejection fraction of the contractile section of the 
left ventricle was calculated by the method described by 
Watson et al.!? When magnification data were available, left 
ventricular end-diastolic volumes were calculated. 

Data analysis: Preoperative hemodynamic data were an- 
alyzed using analysis of variance. The relation between pre- 
and postoperative data was analyzed using the paired and 
unpaired Students' t test and linear regression analysis. 





Results 


Preoperative Data 


Hemodynamic data (Table III): Exercise was as- 
sociated with a marked increase in mean left ventricular 
filling pressure. Although mean cardiac index increased 
significantly, mean values for stroke volume index and 
left ventricular stroke work index did not change sig- 
nificantly. Isosorbide dinitrate was effective in reducing 
mean left ventricular filling pressure at rest and in im- 
proving the hemodynamic response to exercise. Thus, 
compared with rest there were significant increases in 
mean exercise cardiac index, stroke volume index and 
left ventricular stroke work index; there was no signif- 
icant change in mean left ventricular filling pressure. 
Compared with exercise before isosorbide dinitrate, 


Rest © Exercise 
LVSWI g-m/m’ 
70 


*Rest ©Exercise post ISDN 
LVSWI g-m/m* 














10 20 30 40 50 8 60 10 20 30 — 40 
LVFP mm Hg LVFP mm Hg 


FIGURE 1. Relation between left ventricular filling pressure (LVFP) and 
left ventricular stroke work index (LVSWI) before (left) and after (right) 
isosorbide dinitrate (ISDN). Numbers identify patients (Table |). 


exercise after isosorbide dinitrate improved mean car- 
diac index (p <0.02), stroke volume index (p « 0.01) and 
left ventricular stroke work index (p «0.001). Associated 
reductions in mean left ventricular filling pressure (p 
«:0.001) and systemic vascular resistance (p <0.01) were 
also achieved. 

The responses to exercise of left ventricular filling 
pressure and left ventricular stroke work index in in- 
dividual patients are illustrated in Figure 1. The data 
shows wide variation in the maximal response of left 
ventricular performance as judged from these vari- 
ables. 

Cineangiographic data (Table IV): Analysis of the 
left ventricular cineangiograms revealed severe reduc- 
tion of total ejection fraction in all patients. In contrast, 
ejection fraction of the contractile section was variable, 
being maintained in some patients but severely im- 
paired in others. Left ventricular end-diastolic volume 
was greater than normal in those patients in whom it 
was measured. 

Coronary arteriography (Table I) demonstrated 
single vessel occlusion as the only significant lesion in 
nine patients. Occlusion of the left anterior descending 
artery was present in all but one patient. 


Postoperative Data 


Symptoms (Table II): Symptomatic results in 
relation to exercise tolerance were disappointing. Only 
one patient had a significant lessening of exertional 


liimodynemic Ettects of Left Vontriguiar Aneuryemec omy tunes TT 
Exercise 





LVA = left ventricular aneurysmectomy; n = number of patients; NS 


Post LVA 


36 + 9.8 
17 à 7.6 


p Pre LVA Post LVA p n 
NS 117 + 16.7 119 + 13.8 NS 12 
NS 39:5 4 1.2 374-13 NS 11 
NS 37 + 10.7 37 + 10.7 NS 11 

<0.02 39 + 10.7 32+ 6.2 <0.05 12 





TABLE V 
emodynamic Effects of Left Ventricular Aneurysmectomy (means and standard deviations) 
Rest 
Pre LVA 
Heart rate (beats/min) 88 + 13.6 86 + 
Cardiac index (liters/min per m?) 3.2+0.9 31+ 
Stroke volume index (ml/m?) 37+ 12.1 
Left ventricular filling pressure (mm Hg) 25+ 9.3 


= not significant; p = probability. 
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FIGURE 2. Individual changes produced by left ventricular aneurys- 
mectomy (LVA) in values at rest for left ventricular filling pressure 
(LVFP) and stroke volume index (SVI). Bars indicate mean and standard 
deviation. n = number of patients; NS = not significant; p = proba- 


bility. 


dyspnea. It was possible to discontinue diuretic therapy 
in this patient, but all other patients required therapy 
for heart failure. However, angina pectoris (three pa- 
tients), paroxysmal nocturnal dyspnea (two patients) 
and palpitations associated with paroxysmal ventricular 
tachycardia (one patient) were relieved. 


70 * Rest 
o Rest post LVA 
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Hemodynamic data (Table V): Mean values were 
compared with preoperative values. Mean left ven- 
tricular filling pressure decreased from 25 to 17 mm Hg 
(p <0.02) at rest and from 39 to 32 mm Hg on exercise 
(p «0.05). There was no significant change in mean 
heart rate, cardiac index or stroke volume index. Indi- 
vidual pre- and postoperative values for left ventricular 
filling pressure and stroke volume index are illustrated 
in Figure 2. The effects of left ventricular aneurys- 
mectomy on individual left ventricular performance as 
indicated by values for left ventricular filling pressure 
and stroke volume index are illustrated in Figure 3. 


Relation Between Pre- and 
Postoperative Hemodynamics 


There was a significant correlation between values 
at rest for left ventricular stroke work index, postop- 
erative left ventricular filling pressure and percent 
change in left ventricular filling pressure. There was a 
significant negative correlation between resting values 
for left ventricular stroke work index and percent 
change in stroke volume index (Fig. 4). 

A significant negative correlation existed between 
values during exercise for exercise left ventricular filling 
pressure after isosorbide dinitrate and percent change 
in exercise left ventricular filling pressure. Further, 
there was a significant negative correlation between 
exercise values for left ventricular stroke work index 
after isosorbide dinitrate and percent change in exercise 
stroke volume index (Fig. 5). There was no significant 
correlation between exercise hemodynamic indexes 
before isosorbide dinitrate and those after operation. 

Relation between cineangiographic data and 
postoperative hemodynamics: No significant corre- 
lation was found between left ventricular volumes, total 
ejection fraction or ejection fraction of the contractile 
section and postoperative hemodynamics or changes in 
postoperative hemodynamics relative to preoperative 
hemodynamics. However, significant differences are 


* Exercise 
o Exercise post LVA 











15 20 25 30 35 40 45 50 
LVFP mmHg 


FIGURE 3. Effect of left ventricular aneurysmectomy (LVA) on relation between left ventricular filling pressure (LVFP) and stroke volume index. 
(SVI) in 11 patients. Dotted lines indicate improved left ventricular performance (improvement in both variables). Solid lines indicate patients whose 
ventricular performance is partially improved (improvement in one variable) or made worse (deterioration in both variables). Numbers identify patients 


(Table I). 
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FIGURE 4. Relation between preoperative resting left ventricular stroke work index (LVSWI^) (g-m/m?) and (1) pre- to postoperative percent change 
in left ventricular filling pressure at rest (ALVFPP) (mm Hg) (left), (2) left ventricular filling pressure at rest after left ventricular aneurysmectomy 
(LVFPA,4) (mm Hg) (center), and (3) pre- to postoperative percent change in stroke volume index (ASVI) (ml/m?) (right). r = correlation coefficient; 


other unidentified abbreviations as in Figure 2. 


found (Fig. 6) when the ejection fraction of the con- 
tractile section of patients with improved left ventric- 
ular performance at rest and during exercise is com- 
pared with that of patients whose performance was 
partially improved or became worse (Fig. 3). Thus, mean 
ejection fraction of the contractile section of the patients 
with improved ventricular performance was signifi- 
cantly lower than that of the patients without im- 
provement. 


Discussion 


'T'he results of left ventricular aneurysmectomy per- 
formed to relieve congestive heart failure are believed 
. to depend directly on the preoperative function of the 
residual contractile section of the ventricle. Watson et 


A4 LVFP* 





al]? described a method of assessing this function 
whereby ejection fraction of the contractile section was 
calculated from the left ventricular cineangiogram and 
they found that a value of less than 44 percent was a 
predictor of a poor functional result in nine patients 
undergoing left ventricular aneurysmectomy. Arthur 
et al.,!! in a study of 15 patients undergoing left ven- 
tricular aneurysmectomy, reported that a poor result 
could be predicted when an ejection fraction of the 
contractile section was less than 38 percent. 

Role of exercise testing: Exercise is the most im- 
portant cardiovascular stress. Therefore, the response 
of left ventricular performance to exercise should be 
considered when one is describing the functional ca- 
pacity of the contractile section of the left ventricle in 





_ FIGURE 5. Left, relation between left ventricular filling pressure during exercise after isosorbide dinitrate (LVFP®') (mm Hg) and pre- to postoperative 
percent change in left ventricular filling pressure during exercise (ALVFPE) (mm Hg). Right, relation between left ventricular stroke work index 
during exercise after isosorbide dinitrate (LVSWIF') (g-m/m?) and pre- to postoperative percent change in stroke volume index during exercise (ASVIF) 


(ml/m?). Unidentified abbreviations as in Figures 2 and 4. 
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IMPROVED (5) 
OR WORSE(1) 
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FIGURE 6. Relation between ejection fraction of the contractile section 
of the left ventricle (EFCS) and changes in hemodynamic status (Fig. 
3) effected by left ventricular aneurysmectomy (LVA) in 11 patients. 
Bars indicate mean and standard deviation. P — probability. 


patients with left ventricular aneurysm. In patients with 
congestive heart failure, exercise is associated with high 
levels of norepinephrine.!? This activity on the part of 
the sympathetic nervous system acts to support the 
failing circulation by maintaining systemic arterial 
pressure through an increase in peripheral vascular tone 
and by an inotropic action on the myocardium. How- 
ever, the beneficial effects of these mechanisms may be 
attenuated by the increase in left ventricular afterload 
occurring as a result of systemic arteriolar vasocon- 
striction. If this untoward effect is prevented (by va- 
sodilators, for example), the response in left ventricular 
performance to exercise stress would represent more 
closely the left ventricular functional reserve and, in the 
case of patients with left ventricular aneurysm, the 
functional reserve of the contractile section of the left 
ventricle. 

Role of testing after isosorbide dinitrate: In this 
study there was a poor hemodynamic response to ex- 
ercise, but the response was improved by administration 
of isosorbide dinitrate. This improvement may be ex- 
plained by a reduction in afterload (manifest by a de- 
crease in exercise systemic vascular resistance) as well 
as in preload because nitrates have been shown to re- 
duce arteriolar and venous tone.!3 The improvement in 
left ventricular performance during exercise may have 
been enhanced by the inotropic effect of catecholamines 
because an additive effect of vasodilators and inotropic 
agents has been reported in patients with congestive 
heart failure.14.15 

Hemodynamic indexes as predictors of functional 
result of aneurysmectomy: The principal beneficial 
effect of left ventricular aneurysmectomy in our study 
was a reduction in left ventricular filling pressure at rest. 
Although there was some improvement in this variable 
during exercise, it remained considerably elevated (Fig. 
2). The relations among hemodynamic indexes of pre- 
operative function of the ventricular contractile section 
in our study indicate that good contractile section 
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function does not predict a good functional result of left 
ventricular aneurysmectomy. Thus, a greater hemo- 
dynamic improvement was achieved at rest and during 
exercise in patients with poorer preoperative indexes 
of left ventricular performance. Conversely, patients 
with better preoperative left ventricular performance 
benefited least from left ventricular aneurysmectomy, 
which actually had a deleterious effect in some patients 
(Fig. 3 to 5). 

These findings are complemented by the relations 
between ejection fraction of the contractile section and 
postoperative hemodynamic indexes of left ventricular 
performance. Again, improvement tended to occur in 
patients with a more compromised ejection fraction of 
the contractile section, whereas partial improvement 
or deterioration was more likely in those in whom this 
ejection fraction was maintained (Fig. 6). 

Role of left ventricular volume overload: In order 
to explain these unexpected findings it is possible to 
speculate that an important sequel to left ventricular 
aneurysm is chronic left ventricular volume overload. 
Excessive myofibrillar slippage occurring in the 
chronically dilated and overstretched ventricle may lead 
to marked and largely irreversible depression of the 
contractile state of the functioning segment of the 
myocardium.'® These events may explain the poor left 
ventricular functional capacity observed in several pa- 
tients in our study (Fig. 1). A reduction in preload by left 
ventricular aneurysmectomy? in such patients may have 
resulted in a favorable shift in the Frank-Starling 
relation, although the level of left ventricular perfor- 
mance achieved would have been limited by intrinsic 
impairment of function of the ventricular contractile 
section. Conversely, when more preserved left ventric- 
ular performance was demonstrated preoperatively, it 
is possible that left ventricular volume overload had not 
resulted in such severe overstretching of the ventricle 
and that function was maintained by optimal utilization 
of the Frank-Starling mechanism. Under these condi- 
tions reduction in preload may have resulted in a shift 
of the ventricle toward or down the ascending limb of 
its Frank-Starling curve. 

Role of myocardial ischemia: The possible influ- 
ence of myocardial ischemia on the results of our study 
must be considered. It is unlikely that exercise preop- 
eratively induced ischemia because exercise was sub- 
maximal and was not associated with angina or ischemic 
changes in the electrocardiogram. Further, the maximal 
response to exercise was not related to the degree of 
coronary arterial involvement (Fig. 1, Table I). Thus, 
the three patients with a better maximal response of left 
ventricular performance to exercise (Patients 1,8 and 
12) had two, one and three vessel disease, respectively. 
Conversely, of the remaining nine patients, eight had 
single vessel occlusion with otherwise normal coronary 
arteries. Postoperative improvement in left ventricular 
performance could not be explained by improved 
myocardial perfusion because only two patients (Pa- 
tients 1 and 12) underwent coronary arterial vein graft ' 
procedures and both were in the groups with partial 
improvement at rest and during exercise (Fig. 3). In 
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Patient 1 a potentially ischemic segment of myocardium 
remained after left ventricular aneurysmectomy; this 
patient had had a stenosis of the right coronary artery 
demonstrated preoperatively. Because he had at no time 
experienced angina, the physiologic significance of this 
lesion was in doubt and coronary arterial vein grafting 
was not performed. It is possible that the postoperative 
(compared with preoperative) deterioration in left 
véntricular performance during exercise (Fig. 3) re- 
sulted from exercise-induced ischemia. This is unlikely 
because after operation the patient did not experience 
angina spontaneously or during the exercise study. This 
patient’ s singularly good preoperative response to ex- 
ercise without isosorbide dinitrate (Fig. 1) supports the 
view that under conditions of submaximal exercise the 
stenosis of the right coronary artery had no physiologic 


significance and did not influence the effects of aneu- 
rysmectomy on observed hemodynamic variables. 
Implications: Our results indicate that left ventric- 
ular aneurysmectomy in patients with chronic conges- 
tive heart failure is effective i in reducing left ventricular 
filling pressure at rest and may therefore be indicated 
for the relief of dyspnea at rest. Although the procedure 
may result in modest improvement in left ventricular 
performance during exercise, it appears to be of most 
benefit to patients*with more severely compromised 
function of the contractile section, although the im- 
provement may not be reflected by a significant relief 
of exertional dyspnea. Left ventricular aneurysmectomy 
to relieve symptoms of congestive heart failure should 
be performed with caution in patients with better 
function of the left ventricular contractile section. 
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Serum and red blood cell concentrations of the trace elements chromium 
and manganese were determined in 66 patients who underwent cardiac 
valve replacement and in 40 control subjects. Patients with à Starr- 
Edwards metallic ball prosthesis had serum chromium levels of 2.54. + 
0.20 ng/ml (mean + standard error of the mean), exceeding widely the 
normal limits (0.43 + 0.03 ng/ml; p. «0.001). The red cell chromium 
coritent in these patients (9.9 + 0:4 ng/ml) was only 15 percent higher 
than control values (p «0.05). Patients without evidence of prosthetic 
valve incompetence had a significant decrease in serum chromium toward 
normal levels during the postoperative period (p <0.001). This decrease 
appeared to be delayed and reduced in patients with a periprosthetic leak. 
Chromium levels in patients with à Starr-Edwards plastic bàll or Bjórk- 
Shiley prosthesis did not differ significantly from control values. There 
was no significant difference iri manganese levels between the groups. 

. To study metabolic effects of changes in serum chromium, fasting 
cholesterol, triglyceride. and glucose plasma concentrations. were de- 
termined in 27 patients with a Starr-Edwards metallic ball prosthesis and 
in 29 patients with a Starr-Edwards plastic ball or Bjórk-Shiley prosthesis 
before and after valve replacement. In both groups, an increase in both 
cholesterol and triglyceride concentrations was observed regardless of 
the presence or absence of elevated serum chromium levels. Glucose 
concentrations remained unchanged after surgery. It is concluded that 
(1) elevation of serum chromium levels does not appear to cause a de- 
crease of fasting lipid and glucose concentrations; and (2) there is no 
evidence that in the sample of patients studied a chromium deficiency 
may play an important role in the development of elevated lipid and glu- 
cose levels. 


Most of the commonly used prosthetic heart valves contain several trace 
elements, but there is no information whether any elements are delivered 
from the valve prostheses into the bloodstream. This study describes 
markedly elevated serum chromium levels in patients with a prosthetic 
heart valve compared with values in control subjects: 

Reports of animal experiments!- and clinical studies?4 have suggested 
that a deficiency of chromium may be a possible cause of impaired glu- 
cose tolerance and hyperlipidemia as well as a factor in the incidence of 
aortic lesions.? Therefore, a low nutritional chromium state was assumed 
to play a role in the development of atherosclerosis.9-? However, no 
studies relating serum chromiurn to glucose and lipid levels in human 
beings have been performed to date. mie 

Patients presenting with increased chromium levels after prosthetic 
valve replacement seem to be suitable for investigation of the influence 
of changes in serum chromium on glucose and lipid metabolism. Our , 
results in such patients do-not favor the hypothesis that increased serum 
chromium levels may lead to improved glucose tolerance or to reduced 
lipid concentrations, or both, in human beings. 
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Methods 


Study patients: This study involved 66 patients (43 men 
and 23 women) ranging in age from 18 to 57 years (mean 44) 
who had prosthetic cardiac valve replacement either in the 
mitral (n = 25) or aortic (n = 38) position, or both (n = 3) be- 
tween 1972 and 1977. The patients were classified into three 
groups on the basis of type of valve prosthesis: group I, 45 
patients with a Starr-Edwards cage prosthesis with a metallic 
surface ball (models 2310, 2320, 2400, 6320 and 6400); group 
II, 11 patients with a Starr-Edwards cage prosthesis with a 
plastic-covered ball (models 1260 and 6120); and group III = 
10 patients with a Bjórk-Shiley disk prosthesis. There was no 
evidence of significant prosthetic valve incompetence in pa- 
tients in groups II and III, whereas eight patients in group I 
had an angiographically documented periprosthetic leak 
(regurgitation grade 2 or 3). Therefore, patients in group I 
were classified into those without (group IA) and those with 
(group IB) a perivalvular leak. 

In these patients and in 40 apparently healthy control 
subjects (28 men and 12 women ranging in age from 21 to 62 
years [mean 39]), serum and red blood cell concentrations of 
the trace elements chromium and manganese and the serum 
lactic dehydrogenase (LDH) activity were measured. In ad- 
dition, in 56 patients (43 men and 13 women ranging in age 
from 23 to 62 years [mean 48]) with isolated aortic valve dis- 
ease, determinations of serum chromium and of the plasma 
levels of cholesterol, triglyceride and glucose were performed 
4 weeks before and 6 months after valve replacement. All 
patients were evaluated for functional class!? before and after 
operation. | 

Laboratory determinations: Blood samples were drawn 
by venous puncture using Teflon® catheters (Quik-Cath®, 
Travenol Laboratories, Inc., Dallas, Texas) after an overnight 
fast. To prevent blood coagulation, sodium ethylenedi- 
aminetetraacetate (1 mg/ml) was added. Chromium and 
manganese measurements were performed using flameless 
atomic absorption spectrophotometry according to the 
method previously described by our group.!! Whole blood was 
diluted in a volume of 1 to 5 with deionized water before 
analysis whereas serum was measured without pretreatment. 
The trace element concentration in red blood cells was cal- 
culated from the hematocrit and the trace element content 
in serum and whole blood. 

Cholesterol, triglyceride and glucose plasma concentrations 
as well as LDH activity were determined using automatized 
standard laboratory procedures. 


TABLE | 


SERUM CHROMIUM AFTER VALVE REPLACEMENI—MANIREY ANU RUDDER | 


' Statistical analysis: All results are given as mean + stan- 
dard error of the mean. Differences were analyzed with Stu- 
dent's t test for paired data or analysis of variance followed 
by Scheffé's test for comparison between multiple groups.!? . 


Results 


Group I (patients with a metallic surface ball 
prosthesis) (Table I): Serum and red blood cell levels 
of chromium, but not manganese, changed significantly 
after cardiac valve replacement. The individual values 
for serum and red cell chromium concentration ob- 
tained from patients with a valve prosthesis and from 
40 control subjects are shown in Figure 1. In patients in 
group I the serum chromium levels were on the average 
5.9 times (group IA).and 9.4 times (group IB) higher 
than in control subjects (p «0.001). In contrast to the 
serum levels, mean red cell chromium concentrations 
were elevated by only 15 percent (group IA) and 16 
percent (group IB) over control values (p « 0.05). 

In normal subjects, the chromium concentration was 
on the average 20 times higher in red cells than in serum. 
To assess a possiblé influence of hemolysis due to the 
cárdiac valve prosthesis, serum chromium levels and 
LDH activity were compared (Fig. 2). No significant 
correlation was found in either group IA or group IB. 

The elevated serum chromium levels declined pro- 
gressively during the postoperative period after valve 
replacement (p <0.001) (Fig. 3). However, this decline 
appeared to be delayed and reduced in eight patients 
with a perivalvular leak (Fig. 3, upper panel). 

No significant difference with respect to serum 
chromium levels was found when patients in group IA 
were classified into those with a prosthesis in the mitral 
or aortic position, as demonstrated by the corresponding 
regression equations for prostheses in the mitral posi- 
tion (serum chromium = 5.1 e^ 96! years, r = 0.92, n = 20) 
and in the aortic position (serum chromium = 5.2 
e- 052 years, p = 0.70, n = 16), which did not differ sig- 
nificantly from each other (p 70.1). 

Groups II and III (plastic-covered ball or disc 
prostheses) (Table I): The serum chromium levels in 
patients in groups II and III were slightly but not sig- 
nificantly elevated during the first 3 months after valve 


Comparison of Trace Element Concentrations in Patients With Heart Valve Prostheses and Control Subjects (mean values + 


standard error of the mean) 


Serum Levels (ng/ml) 


Group romium 
IA (SE prosthesis [metallic ball without leak]) 2.54 + 0.20! 
n (n = 37) 
IB (SE prosthesis [metallic ball with leak]) 4.04 + 0.43! 
| (n — 8) 
Il (SE prosthesis plastic ball) 0.69 + 0.14 
n ^) 
Ill BS prosthesis 0.78 + 0.19 
(n = 10) 
* C (control subjects) 0.43 + 0.03 
(n = 40) 


* Probability (p) <0.05. t p «0.001 (difference from control subjects). 


BS = Bjórk-Shiley; SE = Starr-Edwards. 





Red Blood Cell Levels (ng/ml) 


anganese Chromium Manganese 
1.12 + 0.08 9.9 + 0.4" 2112 EA 
(n = 37) n = 37) (n = 29) 
1.16 + 0.18 10.0 + 0.7" 23.1 € 3.1 
(n — 8) (n — 8) (n = 7) 
1.21 £ 0.10 8.3 + 0.7 25.0 + 2.3 
(n = 11) (n = 11) n = 10) 
1.138. 0:11 8.6 + 0.8 23.3 X 2.2 
(n — 10) (n — 9) n = 9) 
1.12 + 0.05 8.6 + 0.3 21.1 E 11 
(n = 40) (n = 40) (n = 40) 
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replacement (1.15 + 0.24 ng/ml, n = 4 and 1.41 + 0.38 
ng/ml, n —3, respectively) and significantly lower than 
in patients in group I (p «0.001). Four months after 
valve replacement the serum chromium levels of pa- 
tients in group II (0.42 + 0.05 ng/ml, n = 7) and group 
III (0.51 + 0.11 ng/ml, n = 7) were within normal 
limits. : 

Cholesterol, triglyceride and glucose levels 
(Table IT): To evaluate a possible metabolic effect of 
high serum chromium levels, fasting plasma cholesterol, 
triglyceride and glucose concentrations were measured 
4 weeks before and 6 months after aortic valve re- 
placement in patients in group IA and compared with 
the corresponding values in patients in groups II and III. 
All groups showed a significant increase in cholesterol 
and triglyceride levels after operation: This increase in 
lipid concentrations was independent of serum chro- 
mium levels, which were high in group IA and normal 
in groups II and III. Glucose levels showed no measur- 
able change after valve replacement. 


Discussion 


Because of the low concentration of chromium in 
human blood, previous determinations of chromium in 
serum and red cells have provided conflicting results. 
Values for serum chromium published during the last 
2 decades range between 0.15 and 520 ng/ml.1L13-17 
Serum chromium levels reported in this study agree 
with other recent data obtained by means of flameless 
atomic absorption spectrophotometry.!1145 Values for 
red cell chromium content measured by newer analyt- 
ical methods are not available. In our study, the chro- 
mium concentration of normal subjects was on the av- 
erage 20 times higher in red cells than in serum (Table 
I). This gradient in chromium concentration may be 
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FIGURE 1. Individual values for 
chromium levels in serum and red 
blood cells of 66 patients with a 
cardiac valve prosthesis and of 40 
control subjects. | — 45 patients 
with a Starr-Edwards metallic ball 
prosthesis; Il = 11 patients with a 
Starr-Edwards plastic-covered ball 
prosthesis; III = 10 patients with a 
Bjork-Shiley prosthesis. Closed 
circles in | to Ill represent 37 pa- 
tients without evidence of valve 
dysfunction (group IA); open circles, 
8 patients with a periprosthetic leak 
(group IB). 


CONTROL 


maintained without energy-requiring systems because 
most of the red cell chromium is firmly bound to 
erythrocyte structures and cannot diffuse across the cell 
membrane. 

Causes of elevated serum chromium levels after 
valve replacement: In our patients with a metallic ball 
cardiac valve prosthesis elevated serum chromium levels 
were a constant finding during the first 2 to 3 years after 
valve replacement (Fig. 3). The most likely explanation 
is a continuous delivery of chromium into the blood- 
stream from the metallic parts of the prosthesis. This 
view is supported by the smaller postoperative increase 
in serum chromium in patients with a plastic-covered 
ball prosthesis and in those with a Bjórk-Shiley pros- 
thesis compared with that seen in patients with a me- 
tallic ball valve. A marked contribution of chromium 
delivery from red cells due to increased hemolysis after 
valve replacement can be excluded because there was 
no relation between the rate of hemolysis, as determined 
by the increase in LDH activity, and serum chromium 
levels. | | , 

No other data are available concerning changes in 
trace element concentrations in blood after valve re- 
placement, but a possible delivery of nickel from the 
heart valve prosthesis is suggested by the findings of 
Lyell et al.!8 The increase of chromium levels after 
prosthetic valve implantation was predominantly ob- 
served in serum. In red blood cells the increase was less 
marked, indicating that the distribution between the 
extracellular space (serum) and the intracellular fluid 
(red cells) is not regulated by an equilibrating system 
or by free exchange. : 

Fall in serum chromium level during postoper- 
ative period: The elevated serum chromium levels after 
valve replacement decreased during the postoperative 
period. It may be that the time-dependent decrease in 
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FIGURE 3. Time-dependent decrease of serum chromium levels in 

FIGURE 2. Comparison of serum lactic dehydrogenase (LDH) activity patients with a Starr-Edwards metallic ball prosthesis after operation 
and serum chromium levels in patients with a Starr-Edwards metallic (group I). Open circles = 8 patients (group IB) with a periprosthetic leak 
ball prosthesis (group |). Open circles = 8 patients (group IB) with a (regression equation: y = 5.0e7°-1?x); closed circles = 37 patients 
periprosthetic leak; closed circles — 37 patients (group IA) without a (group IA) without a leak (regression equation: y = 4.9e 959») p = 
leak. p — probability; r — correlation coefficient. probability; r = correlation coefficient. 
TABLE Il 


Clinical and Metabolic Data in 56 Patients With Isolated Aortic Valve Disease With Starr-Edwards Metallic Ball, Starr- 
Edwards Plastic Ball and Bjórk-Shiley Prostheses Before (b) and After (a) Valve Replacement (mean values + standard 
error of the mean) 





Cholesterol Triglyceride Glucose Serum Chromium 
NYHA Class '? (mg/dl) (mg/dl) (mg/dl) (ng/ml) 
Group Age (yr) Sex (n) b a b a b a b a b a 

IA (SE prosthesis, 44.4 M, 20 3.2 1.3 203 228 152 178 90 94 0.41* 2.65* 
metallic ball) + 1.9 Faz 40.41. ROT £7 + 10 418 Xd +4 +5 £006 90.18 
(n = 27) 

p value <0.001 <0.01 <0.01 NS <0.001 
(b vs a) 

Il (SE prosthesis, 43.5 M, 11 3.0 1.2 197 228 132 172 90 92 0.487 0.441 
plastic ball) T2.1 Fra £01 . 4€03- ER + 15 318 #22 25 +6 +071 + 0.09 
(n = 13) 

p value <0.001 <0.05 <0.05 NS NS 
(b vs a) 

I| (BS prosthesis) 46.3 M, 12 3.0 1.3 221 250 127 171 86 81 0.44 0.531 
(n = 16) $2.8 F,4 + 0.1 + 0.1 + 11 + 12 +10 +16 +5 +4 +006 +0.08 
p value <0.001 <0.05 <0.05 NS NS 
(b vs a) 

p value between 
groups 
Group IA vs Il NS NS NS NS NS NS NS NS NS NS «0.001 
Group IA vs III NS NS: NS NS NS NS NS NS NS NS «0.001 


* Studied in 14 patients only. 

t Studied in 6 patients only. 

* Studied in 7 patients only. 

s = Bjórk-Shiley; NS = not significant (p 70.05); NYHA class = New York Heart Association functional classification '9; p = probabililty; SE 
— Starr-Edwards. 
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serum chromium is due to the partial cover of the me- 
tallic parts of the prosthesis with plasma proteins and 
connective tissue. In patients with a periprosthetic valve 
leak, this cover is probably less firm as a result of he- 
modynamic factors, and consequently a slower decrease 
of elevated serum chromium levels during the postop- 
erative period can be expected. This hypothesis is in 
accordance with our findings. Therefore, the determi- 
nation of serum chromium levels may be helpful for 
evaluation of prosthetic valve function. 

Metabolic effects of increased serum chromium: 
atherosclerosis: Subjects with very high serum chro- 
mium levels due to a continuous delivery of chromium 
into the blood as observed in patients with a prosthetic 
cardiac valve represent a model for studying metabolic 
effects of elevated serum chromium levels. Interest in 
these effects has increased as investigators have sus- 
pected that a chromium deficiency may be common in 


persons in developed countries.595? In animal experi 
ments a chromium deficiency was found to produce 
fasting hyperglycemia?’ and hypercholesterolemia.® 
Therefore, several investigators?-? have suggested that 
a chromium deficiency may be of etiologic importance 
in atherosclerosis. This hypothesis is not in accordance 

with our observations. The increase in serum chromium 

after prosthetic valve replacement in our patients in 

group IA was not accompanied by a decrease in plasma 

cholesterol, triglyceride and glucose levels but by ele- 

vated lipid concentrations. The increase in serum 

chromium and the rise in cholesterol and triglyceride 

levels after operation may be coincidental and do not 

explain the mechanism responsible for the changes in 

lipid concentrations. Therefore, our data do not support 

the hypothesis that a chromium deficiency is common 

in industrialized countries and may cause hyperlipi- 

demia and impaired glucose tolerance. 
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The effects of orally administered aspirin (650 mg) on platelet aggregation 
patterns and counts in aortic and coronary venous blood were evaluated 
in patients with coronary artery disease. Studies were conducted at rest 
and during the stress of tachycardia. Before administration of aspirin, 
platelet aggregation and counts were lower (p <0.01) in coronary venous 
blood than in aortic blood. The stress of tachycardia resulted in increased 
(p <0.01) platelet aggregation only in coronary venous blood. After ad- 
ministration of aspirin, differences in platelet aggregation and counts 
between coronary venous and aortic blood at rest were eliminated, and 
the tachycardia-associated increase in coronary venous blood platelet 
aggregation was significantly reduced. These observations suggest that 
aspirin influences and abolishes the changes that occur in blood platelet 
function as platelets traverse the atherosclerotic myocardial vascular bed. 
The absence of an increase in platelet aggregation during the stress of 
tachycardia after administration of aspirin may have important patho- 
physiologic and therapeutic implications. 


Alteration of platelet function has been implicated in the genesis or 
extension, or both, of myocardial! and cerebrovascular?" ischemic 
events. In animal models of vascular injury and occlusion, the formation 
of platelet aggregates has been demonstrated, and this formation may 
have a role in limiting blood flow.9? The observation of platelet aggre- 
gates in the coronary arteries of patients who died suddenly of myocar- 
dial infarction!?.!! has provided further evidence of an important role 
for platelets in acute vascular occlusion. We!2.13 have previously shown 
that in patients with coronary artery disease, unlike subjects with normal 
coronary arteries, there is reduced platelet aggregation in coronary ve- 
nous blood compared with aortic blood. We hypothesized that removal 
of hyperaggregable platelets in the atherosclerotic coronary vasculature 
could account for the reduced platelet aggregation observed in coronary 
venous blood. We!? also found that the stress of tachycardia induced by 
atrial pacing increased platelet aggregation in coronary venous blood 
but not in aortic blood, thus suggesting that myocardial ischemia may 
be related to enhanced platelet aggregation in the atherosclerotic vessels. 
If platelets were removed or trapped in the atherosclerotic coronary 
vasculature, we questioned whether agents that decrease platelet ad- 
hesion and aggregation would inhibit this process. If this occurred, one 
would expect equalization of platelet aggregation between coronary 
venous and arterial blood. 

Therefore, this study was designed to evaluate the effect of aspirin 
on platelet aggregation in coronary arterial and venous blood in patients 
with coronary artery disease. The influence of the stress of tachycardia 
on coronary venous blood platelet aggregation after administration of 
aspirin was also studied. 
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Methods 


Study patients: Ten patients, aged 42 to 62 years (mean 
55), with angiographically documented coronary artery disease 
(greater than 50 percent narrowing of luminal diameter) were 
studied. All had typical stable angina pectoris of 4 months' to 
5 years' duration and evidence for myocardial ischemia during 
exercise by generally accepted criteria. No patient had taken 
aspirin or other agents known to alter platelet function during 
the 2 weeks before the study. 

Cardiac catheterization: Studies were conducted during 
routine clinically indicated right and left heart catheterization 
after the patient had given informed consent. Without pre- 
medication, a Sones (woven Dacron®) catheter, 100 cm long, 
was advanced to the ascending aorta from a brachial arterial 
cutdown. Under fluoroscopic control, a Zucker catheter 
(woven Dacron), 100 cm long, was positioned in the midcor- 
onary sinus by way of an antecubital vein. This provided a 
stable site for simultaneous pacing and withdrawal of venous 
_ blood draining the left ventricular myocardium. 

Blood sampling periods: Hematologic studies were per- 
formed before angiographic evaluation. During a control pe- 
riod, blood samples were obtained simultaneously from both 
the aorta and the coronary sinus at rest, and at the peak heart 
rate achieved during tachycardia stress induced by atrial 
pacing. The peak heart rate ranged from 90 to 150 beats/min 
at the onset of chest pain, but was at least 40 percent above 
the heart rate at rest. Fifteen minutes after cessation of 
tachycardia, each patient was given aspirin (650 mg) orally. 
Between 30 and 40 minutes after aspirin administration, blood 
samples were again obtained from the aorta and coronary 
sinus as outlined. A second tachycardia stress was then per- 
formed that duplicated the first with respect to rate, incre- 
ment change and duration. Blood samples were again obtained 
at peak heart rate after aspirin administration. 

Platelet studies: Blood samples (9 ml each) were collected 
and transferred into polypropylene tubes containing 1 ml of 
3.8 percent sodium citrate and 0.2 ml of Tris buffer to control 
the pH. From these samples, platelet-rich plasma was ob- 
tained by centrifugation at 225 g for 15 minutes at room 
temperature. The remaining blood was spun at 5,000 g for an 
additional 30 minutes at room temperature to yield platelet- 
poor plasma. The platelet count in platelet-rich plasma was 
adjusted to 300,000 to 400,000/mm?. Platelet aggregation 
studies were performed in duplicate within 2 hours of blood 
collection. Samples of 0.45 ml of platelet-rich plasma, after 
adjusting for platelet count, were prewarmed for 1 minute by 
stirring in siliconized cuvettes placed in a Biodata Aggregation 


TABLE | 


Profiler® before addition of aggregation-stimulating B" 
These agents included ephinephrine, 1:10,000 (55.0 uM); 
adenosine diphosphate (ADP), 1.0 uM; and ADP, 2.0 uM. 
ADP was kept frozen as a 20 uM solution and diluted at the 
time of testing. Light transmission through the platelet-poor 
plasma was set at 100 percent. 'The primary and secondary 
waves of aggregation were recorded and analyzed from the 
strip chart recordings. The secondary wave of aggregation was 
reported as either present or absent. Maximal platelet 
aggregation was read as the percent increase in light trans- 
mission 5 minutes after addition of the aggregating agent.!?.!? 
Whole blood platelet counts were performed in duplicate in 
counting chambers using 3 percent procaine hydrochloride 
under phase microscopy. 

Calculations: Average values for maximal platelet aggre- 
gation and platelet counts were determined for each patient 
with each aggregation-stimulating agent from duplicate 
studies. The mean and standard error were determined for 
platelet aggregation and counts. Student's t test was used to 
determine the significance of the difference between mean 
values. A probability (p) value of «0.05 was considered sta- 
tistically significant. 


Results 


Results from the control period (before administra- 
tion of aspirin) and the period of aspirin administration 
are summarized in Table I. 


Platelet Studies Before Aspirin (Control Period) 


Rest: None of the patients had angina or S-T segment 
shifts in the electrocardiogram at rest suggestive of 
myocardial ischemia. Platelet aggregation was signifi- 
cantly less (p <0.02) in coronary venous blood than in 
aortic blood (Fig. 1). This difference was observed with 
epinephrine and ADP, 1.0 and 2.0 uM, used as aggre- 
gating agents. The differences in platelet aggregation 
patterns were observed in each patient studied. The 
secondary wave of aggregation was present in both the 
aortic and the coronary venous blood of all patients. 

Platelet counts in whole blood were also lower in the 
coronary venous blood than in aortic blood (210,000 + 
11,000 and 270,000 + 17,000/mm?, respectively, p <0.02) 
(Fig. 2). 

Tachycardia stress: The stress of tachycardia 
evoked angina pectoris in all 10 patients, and 7 had S-T 
segment shifts characteristic of myocardial ischemia. 


Mean Platelet Aggregation Induced by Epinephrine and Adenosine Diphosphate (ADP) and Platelet Counts in Aortic and 
Coronary Venous Blood in the Control State and After Aspirin Administration 





Platelet Aggregation (96) 





ADP 2.0 uM Platelet Counts (per mm?) 
Aorta CS Aorta CS 


sys pepsin i op ces cps ess tgp tpn np nse 


Epinephrine ADP 1.0 uM 
Aorta CS Aorta CS 

Control 

Rest 86 + 3 57 :; 8* 65 3 37 + 9* 

Tachycardia 8344 82 + 5! 6915 59 + 85 
After aspirin 

Rest 541t7 49 6 44 -3 40+5 

Tachycardia 52 7 48+6 45+4 39+ 4 


7-5 8* 
79 13 74+ 3t 
57 t4 3 


59+ 4 59+ 3 


210,000 + 22,0001 
221,000 + 18,000 


275,000 + 26,000 
269,000 + 18,000 


57 + 270,000 + 17,000 


283,000 + 27,000 


284,000 + 22,000 
282,000 + 21,000 


54+ 


*,1-+5 Indicate probability (p) values: * = p <0.01 and t = p <0.02 comparing values in aortic and coronary sinus blood; * = p <0.01 and 5 = 
p «0.02 comparing values in coronary sinus blood before and during tachycardia stress. 


CS = coronary sinus. 
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FIGURE 1. Typical platelet aggregation patterns in the aortic and cor- 
onary venous blood after the addition of an aggregating agent (adenosine 
diphosphate [ADP]) in a patient with coronary artery disease. Platelet 
aggregation in coronary venous blood is much lower than that in aortic 
blood. 


No significant qualitative or quantitative alteration of 
platelet aggregation patterns from the patterns at rest 
occurred in aortic blood. In contrast, platelet aggrega- 
tion in coronary venous blood increased significantly 
(p <0.02) over resting values during tachycardia stress. 
These changes in coronary venous blood were observed 
with each aggregating agent (Fig. 3). Tachycardia stress 
diminished the differences between coronary venous 
and aortic blood in platelet aggregation patterns at 
rest. 

Platelet counts during tachycardia stress were un- 
altered in both aortic blood (283,000 + 27,000/mm‘%, p 


Platelet Aggregation (% ) 


FIGURE 3. Maximal platelet aggregation (96) in aortic (Ao) 
and coronary sinus (CS) blood before aspirin administration. 

. |n the resting state (upper panel), platelet aggregation is 
lower in coronary sinus than in aortic blood when epineph- 
rine, adenosine diphosphate (ADP) 1.04M and 2.0uM are 
used as aggregating agents. During tachycardia stress (lower 
panel), platelet aggregation increases in coronary sinus blood 
but is unchanged in aortic blood. 
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FIGURE 2. Platelet counts in aortic (Ao) and coronary sinus (CS) blood 
in the control state (left) and after administration of 650 mg of aspirin 
(right). Platelet counts in coronary sinus blood were significantly lower 
than those in aortic blood. This difference in platelet counts was elim- 
inated by aspirin. 


= not significant) and coronary venous blood (221,000 
+ 18,000/mm?, p = not significant). 


Platelet Studies After Aspirin 


Rest: After aspirin, the secondary wave of platelet 
aggregation in response to epinephrine was absent in 7 
patients and that to ADP was absent in 9 of the 10 pa- 
tients. These alterations in the secondary wave were 
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observed in both the aortic and the coronary venous 
blood samples. 

In aortic blood, maximal platelet aggregation de- 
creased significantly (p <0.01), while the primary wave 
was unaltered from that of the control period. In con- 
trast, in coronary venous blood, maximal platelet 
aggregation was unchanged from that of the control 
period. Thus, no significant differences in maximal 
platelet aggregation between the aortic and coronary 
venous blood samples were observed after aspirin ad- 
ministration (Fig. 4). 
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Control After Aspirin 
FIGURE 5. Influence of aspirin administration on platelet counts in 
coronary venous blood. Platelet counts increased in all but 1 of the 10 
patients. 
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FIGURE 4. Maximal platelet aggregation after epinephrine 
and adenosine diphosphate (ADP) in aortic and coronary 
sinus blood after administration of 650 mg of aspirin. Aspirin 
eliminates the difference at rest (upper panel) between 
platelet aggregation in aortic and coronary sinus blood. 
During tachycardia stress (lower panel), platelet aggregation 
is unaltered in both aortic and coronary sinus blood. 


Platelet counts after aspirin were unaltered in the 
aortic blood, but increased significantly (p <0.02) in the 
coronary venous blood to 275,000 + 26,000/mm? (Fig. 
5) so that platelet counts were similar (p = not signifi- 
cant) in the aortic and coronary venous blood (Fig. 
2). 

Tachycardia stress: Tachycardia stress to the heart 
rate achieved before aspirin administration resulted in 
angina in seven patients, and ischemic S-T segment 
shifts occurred in four of these patients. No S-T seg- 
ment changes occurred in the other six patients. 

A primary wave of platelet aggregation was present 
in the aortic and coronary venous blood samples during 
tachycardia stress. In aortic blood, maximal platelet 
aggregation after administration of aggregation-stim- 
ulating agents was comparable with the values obtained 
at rest after aspirin. This finding was similar to that 
observed before aspirin administration. Coronary ve- 
nous blood platelet aggregation was also unaffected by 
tachycardia stress after aspirin (Fig. 4), whereas in the 
control period platelet aggregation in the coronary ve- 
nous blood increased during tachycardia stress (Fig. 
6). 

Platelet counts were also not affected by tachycardia 
stress in either aortic or coronary venous blood samples 
(282,000 + 21,000 and 269,000 + 18,000/mm3, respec- 
tively; both p = not significant) after aspirin adminis- 
tration. 


Discussion 


Previous studies indicated that platelet aggregation 
function is not altered during passage of platelets 


F 


h 


FIGURE 6. Influence of tachycardia stress on coronary ve- 
nous blood platelet aggregation induced by epinephrine and 
adenosine diphosphate before (upper panel) and after aspirin 
administration (lower panel). Before aspirin, platelet 
aggregation increases significantly during tachycardia (T) 
compared with the resting state (R). After aspirin, the 
tachycardia-associated increase in platelet aggregation is 
no longer observed. 


Coronary Venous Blood Platelet Aggregation (%) 


through a normal coronary bed!?:? or another normal 
vascular bed.!4 Results of this investigation confirm our 
previous observations in patients with coronary artery 
disease that certain indexes of platelet aggregation and 
platelet counts are reduced in coronary venous blood 
compared with aortic blood. These data again suggest 
alterations in platelet function as platelets pass through 
the atherosclerotic coronary vascular bed.!?:1? Tachy- 
cardia stress increases platelet aggregation only in the 
coronary venous blood. The present study shows that 
aspirin administration eliminates the differences in 
platelet aggregation and counts between aortic and 
coronary venous blood observed at rest. In addition, 
aspirin appears to modify the tachycardia-associated 
increase in platelet aggregation in the coronary venous 
blood. 

Intravascular platelet aggregation in athero- 
sclerotic vessels: Although platelets are probably not 
removed in the normal vasculature,'?-!4 they may ad- 
here to the damaged and atherosclerotic vasculature.! 
Experimental endothelial injury in coronary and other 
vascular beds has been shown to promote formation of 
platelet aggregates.9.15-17 Moschos et al.!?!6 demon- 
strated that the platelets are trapped in the ischemic 
area of myocardium. Recent studies!9-?? using in- 
dium-111-tagged platelets showed that the platelets are 
indeed sequestered in the damaged vessels. The sig- 
nificantly lower number of platelets in coronary venous 
than in aortic blood in our patients may also relate to 
platelet adhesion in the atherosclerotic vessels. Reduced 
platelet aggregation activity in coronary venous blood 
may be due to passage of relatively less active platelets 
in this blood. It is also possible that lower pH in coro- 
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nary venous blood influences and reduces platelet 
aggregation.?! But it is unlikely that the minor pH 
changes in coronary venous blood at rest?? could ac- 
count for the large differences in platelet aggregation 
observed between the aortic and coronary venous blood. 
Release of metabolically active agents, such as adeno- 
sine, associated with myocardial ischemia?? could also 
reduce platelet aggregation in coronary venous blood. 
However, neither of these mechanisms would explain 
the reduction in platelet counts. It is unlikely that 
platelet aggregation and counts were significantly af- 
fected by the catheters employed because in other 
studies!?!? similar catheters did not affect platelet 
aggregation or counts. Thus, it seems that removal of 
active platelets in the atherosclerotic vessels may be 
responsible for the differences in platelet counts and 
aggregation across the myocardial vascular bed. 
Effect of tachycardia stress on intravascular 
platelet aggregation: Stress states are known to in- 
duce intravascular platelet aggregation.?*-?6 The in- 
crease in platelet aggregation in the coronary venous 
blood observed during tachycardia in our patients could 
also be caused by stress. Absence of changes in platelet 
aggregation function in the aortic blood suggests that 
alterations at the myocardial level during tachycardia 
are associated with changes seen in the coronary venous 
blood. Release of myocardial catecholamines during 
tachycardia stress could be one factor responsible for 
initiating platelet aggregation. In addition, with tur- 
bulence in blood flow during tachycardia, platelets may 
contact the collagen in the damaged vessels and release 
thromboxane A», resulting in vasoconstriction and 
platelet activation.?7 Enhanced platelet aggregation will 
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impede blood flow in the atherosclerotic vessels and 
result in tissue ischemia.^48? A similar type and degree 
of stress in subjects with normal coronary arteries does 
not affect platelet aggregation in the coronary venous 
blood." In preliminary studies! of platelet aggregation 
across the normal forearm vascular bed, we found no 
alteration in aggregation during tissue ischemia induced 
by vigorous forearm exercise with arterial occlusion. 

Thus, it appears that an increase in platelet aggre- 
gation in the coronary venous blood during stress may 
be indicative of the presence of atherosclerosis in the 
coronary arteries. Low level electrical stimulation at the 
tip of the catheter would be an unlikely explanation for 
the increased platelet aggregation. Stimulation at the 
same energy level did not result in detectable changes 
in platelet aggregation and counts when the catheter 
was placed in right atrium instead of the coronary 
sinus.'* Although significant S-T segment changes 
suggestive of myocardial ischemia were seen in 7 of the 
10 patients, it is not clear whether increased platelet 
aggregation is a primary factor in the genesis of myo- 
cardial ischemia or is a consequence of tissue isch- 
emia. 

Effect of aspirin: Aspirin administration in our 
patients did not affect the primary wave of aggregation 
in either aortic or coronary venous blood. The secondary 
wave of platelet aggregation was decreased in aortic 
blood but unchanged in coronary venous blood. The 
number of platelets increased in the coronary venous 
blood and was similar to that in the aortic blood. 
Overall, there were no significant differences in platelet 
aggregation and counts in aortic and coronary venous 
blood samples. 

Aspirin, both in vitro and after ingestion in human 
beings, abolishes the secondary wave of epinephrine and 
adenosine diphosphate-induced aggregation and in- 
hibits accumulation of platelets.?5-39 Aspirin by its ac- 
tion on cyclo-oxygenase also blocks conversion of ara- 
chidonic acid to cyclic endoperoxides, the precursors of 
thromboxanes.?! Theoretically, if release of throm- 
boxanes is blocked by aspirin, fewer platelet aggregates 
will be formed in the coronary vasculature. These ac- 
tions of aspirin may be related to elimination of the 
differences in platelet counts and thereby to the 
aggregation observed across the atherosclerotic myo- 
cardial vascular bed in our patients in the control pe- 
riod. Studies by other investigators also suggest that 
aspirin may abolish or decrease in vivo intravascular 


platelet accumulation. Rosenblum and icut 
noticed a marked reduction in platelet aggregates after 
aspirin in the cerebral microcirculation of rats with 
experimental vascular injury. Folts et al.8 showed in 
dogs that aspirin eliminates the fluctuations in coronary 
flow related to platelet aggregation in coronary arteries 
with fixed stenosis. In studies by Moschos et al.16 aspirin 
appeared to reduce microcirculatory thrombosis in the 
coronary arteries. 

The increase in coronary venous blood platelet 
aggregation during tachycardia stress in the control 
state was also not observed after aspirin administration 
(Fig. 4), and the platelet counts in aortic and coronary 
venous blood were similar. These findings may be due 
to inhibition of platelet activation during stress by as- 
pirin. Salicylates have been shown to reduce catechol- 
amine-induced vasoconstriction?? and catecholamine- 
induced lipolysis in vitro.??24 These apparently bene- 
ficial effects of aspirin may be the basis for absence of 
tachycardia-associated increase in platelet aggregation. 
Recently, antiarrhythmic effects of aspirin during 
nonthrombotic coronary occlusion in dogs were dem- 
onstrated.?5 

Clinical implications: These effects of aspirin may 
be expected to have salutary effects in subjects with 
coronary artery disease. Electrocardiographic evidence 
for myocardial ischemia during tachycardia stress still 
persisted in 4 of 10 patients given aspirin. However, the 
number of patients in this study is too small to warrant 
conclusions relative to the possible influence of aspirin 
on manifestations of myocardial ischemia. However, in 
two clinical studies aspirin adininistration did not result 
in any significant alteration in electrocardiographic 
patterns of exercise tolerance in patients with coronary 
artery disease.?6? The dose of aspirin used in clinical 
studies may have an important bearing because large 
doses inhibit the beneficial vasodilator and antiplatelet 
aggregation effects of prostacyclin formed by the blood 
vessel wall.?59? Nonetheless, inhibition of stress-in- 
duced increase in platelet aggregation by aspirin in 
human beings as observed in our study could be bene- 
ficial. 

It is apparent from our data that there may be im- 
portant relations between coronary artery disease, 
platelet function and stress-induced myocardial isch- 
emia. Modification of platelet function across the ath- 
erosclerotic myocardial vascular bed by aspirin may 
have pathophysiologic and therapeutic implications. 


References 


1. Mustard JF, Packham MA. Platelet function and myocardial in- 
farction. Circulation 1969;40:Suppl IV:1V:20—30. 

2. Steele PP, Weily HS, Davis H, Genton E. Platelet function in cor- 
onary artery disease. Circulation 1973;48:1194-—200. 

3. Danese CA, Boleti CD, Weiss HJ. Protection by aspirin against 
experimentally induced arterial thrombosis in dogs. Thromb Hae- 
mostas 1971;25:288-296. 

4. Mehta P, Mehta J. Platelet function in coronary artery disease. V. 
Evidence for enhanced platelet microthrombus formation activity 
in acute myocardial infarction. Am J Cardiol 1979;43:757-60. 


950 May 1980 The American Journal of CARDIOLOGY Volume 45 


5. Walsh PN, Pareti Fl, Corbett JJ. Platelet coagulant activities and 
serum lipids in transient cerebral ischemia. N Engl J Med 1976; 
295:854-8. 

6. Wu KK, Hoak JC. Increased platelet aggregates in patients with 
transient ischemic attacks. Stroke 1975:6:52 1-4. 

7. Dougherty JH Jr, Levy DE, Weksler BB. Platelet activation in acute , 
cerebral ischemia. Lancet 1977;1:82 1-4. 

8. Folts JD, Crowell EB, Rowe GG. Platelet aggregation in partially 
obstructed vessels and its elimination with aspirin. Circulation 
1976;54:365-70. 


10. 


Tk 


12. 


13. 


14. 


15. 


16. 


"t. 


18. 


19. 


20. 


e 


22. 


. Rosenblum WI, El-Sabban F. Platelet aggregation in the cerebral 


microcirculation. Effect of aspirin and other agents. Circ Res 
1977;40:320-8. 

Haerem JW. Platelet aggregates. in intramyocardial vessels of 
patients dying suddenly and unexpectedly of coronary artery dis- 
ease. Atherosclerosis. 1972; 15:199-213. 

Jorgensen L, Haerem JW, Chandler AB, Borchgrevink CJ. The 
pathology of acute coronary death. Acta Anaesthesiol Scand 
(Suppl) 1968;29; 193-9. 

Mehta P, Mehta J, Pepine CJ, Miale TD, Burger C. Platelet 
aggregation across the myocardial vascular bed in man. |. Normal 
versus diseased coronary arteries. Thromb Res 1979; 14:423- 
32. 

Mehta J, Mehta P, Pepine CJ. Platelet aggregation in aortic and 
coronary venous blood in patients with and without coronary dis- 
ease. Ill. Role of tachycardia stress and propranolol. Circulation 
1978;58:881-6. 

Mehta P, Mehta J, Bürger C, Conti CR, Pepine CJ, Nichols WW. 
Platelet aggregation responses across normal forearm vascular 
bed: effect of transient ischemia (abstr). Physiologist 1978;21: 
70. 

Moschos CB, Lahiri K, Manskopf G, Oldewurtel HA, Regan TJ. 
Effect of experimental cororiary thrombosis upon platelet kinetics. 
Thromb Diath Haem 1973;30:339-44. 

Moschos CB, Lahiri K, Lyons M, Weisse AB, Oldewurtel HA; 
Regan TJ. Relation of microcirculatory thrombosis to thrombus 
in the proximal coronary artery. Effect of aspirin, dipyridamole and 
thrombolysis. Am Heart J 1973; 86:61-8. 

Vik Mo H. Effects of acute myocardial ischemia on platelet 
aggregation in the coronary sinus and aorta in dogs. Scand J 
Haematol 1977;19:68-74. > 

Thakur ML, Welch MJ, Joist JH, Coleman RE. Indium-111 labelled 
platelets: studies on préparation and evaluation of in vitro and in 
vivo functions. Thromb Res 1976;9:345-57. 

Dewanjee MK, Fuster V, Kaye MP, Josa M. Imaging platelet de- 
position with "11in-labelled platelets in coronary artery by-pass 
grafts in dogs. Mayo Clin Proc 1978;53:327-31.  , 

Davis HH, Siegel BA, Joist JH, et al. Scintigraphic detection of 
atherosclerotic lesions and venous thrombi in man by indium-111 
labelled autologous platelets. Lancet 1978; 1:1185-—7. 
Coller BS, Franza BR Jr, Gralnick HR. The pH dependence of a 
quantitative ristocetin-induced platelet aggregation: theoretical 
and practical implications—a new device for maintenance of 
platelet rich plasma pH. Blood 1976;47:841—54. 

Parker JO, Chiang MA, West RO, Case RB. The effect of ischemia 
and alterations of heart rate on myocardial potassium balance in 
man. Circulation 1970; 42:205- 17. 


23. 


29. 
30. 


35. 


36. 


37. 


38. 


39. 


May 1980 The American Journal of CARDIOLOGY Volume 45 


— 
ASPIRIN AND PLATELETS IN CORONARY DISEASE—MEHTA ET AL. 


Fox AC, Reed GE, Glassman E, Kaltman AJ, Silk BB. Release of 
adenosine from human hearts during angina induced by rapid atrial 
pacing. J Clin Invest 1974;53:1447-57. 


. Bésterman E, Myat G, Travadi V. Diurnal variations of platelet 


stickiness compared with effects produced by adrenaline. Br Med 
J 1967;1:597-600. 


. Haft JI. Stress and the induction of intravascular platelet aggre- 


gation in the heart. Circulation 1972;46:698-708. 


. Haft Jl, Fani K. Intravascular platelet aggregation in the heart in- 


duced by stress. Circulation 1973; 47:353-7. 


. Hamberg M, Svensson J, Samuelsson B. Thromboxanes: a new 


group of biologically active compourids derived.from prostaglandin 
endoperoxides. Proc Nat Acad Sci USA 1975;72:2994-8. 


. Baumgartner HR, Muggli R. Effect of salicyclic acid on platelet 


adhesion to subendothelium on the formation of mural platelet 
thrombi. Thromb Haemost (Suppl) 1974;60:345-54. 

Vane JR. The mode of action of aspirin and similar compounds. 
J Allergy Clin Immunol 1976;58:691-712. — 

Fujitani B, Tsuboi T, Takeno K, Yoshida K, Shimuza M. Inhibition 
of human and animal platelet adhesiveness to glass bead columns 
by adenosine, dipyridamole, chloropromazine and acetylsalicylic 
acid. Thromb Haemost 1976:36:401- 10. , 


. Burch JW, Stanford N, Majerus PW. Inhibition of platelet prosta- 


glandin synthesis by oral aspirin. J Clin Invest 1978;61:314-9. 


. Strom EA, Caffman JD. Effect Sf aspirin on circulatory responses 


to catecholamines. Arthritis Rheum 1963;6:689-97. 


. Stone DB, Brown JD, Steele AA. Effect of sodium salicylate on 


induced lipolysis in isolated fat cells of the rat. Metabolism 
1969; 18:620-4. 


. Schonhofer PS, Sohn J, Peters HD, Dinnendahl V. Effect of sodium 


salicylate and acetylsalicylic acid on the lipolytic system of the fat 
cells. Biomed Pharmacol 1973;22:629-37. 

Moschos CB, Haider B, De La Cruz C Jr, Lyons MM, Regan TJ. 
Antiarrhythmic effects of aspirin during nonthrombotic coronary 
occlusion. Circulation 1978;57:681-4. 

Frishman WH, Christodoulou J, Wekster B, Smithen C, Killip T, 
Schiedt S. Aspirin therapy in angina pectoris: effects on platelet 
aggregation, exercise tolerance, and electrocardiographic mani- 
festations of ischemia. Am Heart J 1976;92:3- 10. 

Davis JW, Lewis HD Jr, Phillips PE, Schwegler RA, Yul KTN, 
Hassanein KR. Effect of aspirin on exercise-induced angina. Clin 
Pharmacol Ther 1978;23:505- 10. 

Kelton JG, Hirsh.J, Carter CJ, Buchanan MR. Thrombogenic effect 
of high-dose aspirin in rabbits. J Clin Invest 1978;62:892-5. 
Moncada S, Vane JR. Arachidonic acid metabolites and the in- 
teractions between platelets and blood vessel walls. N Engl J Med 
1979;300:1142-7. 


951 


Pseudoischemic ‘‘False Positive” S-T Segment Changes 
Induced by Hyperventilation in Patients With 


Mitral Valve Prolapse 


JULIUS M. GARDIN, MD, FACC* 
JEFFREY M. ISNER, MD, FACCt 
JAMES A. RONAN, Jr, MD, FACC 
SAMUEL M. FOX, Ill, MD, FACC 


Washington, D.C. 


From the Department of Medicine, Cardiology 
Division, Georgetown University Hospital, Wash- 
ington, D.C. Manuscript received September 4, 
1979; revised manuscript received November 26, 
1979, accepted November 28, 1979. 

* Present address: Division of Cardiology, 
University of California, Irvine Medical Center, 
Orange, California. i ! 

'Present address: Division of Cardiology, 
Tufts-New England Medical Center, Boston, 
Massachusetts. 

Address for reprints: Julius M. Gardin, MD, 
Noninvasive Laboratory, Division of Cardiology- 
Building 53, University of California, Irvine Medical 
Center, 101 City Drive South, Orange, California 
92668. 


Hyperventilation-induced S-T segment changes that simulate myocardial 
ischemia have previously been noted, but the origin of this electrocar- 
diographic finding has never been defined. To investigate further the basis 
for this response, the records were reviewed of 1,678 consecutive patients 
who underwent forced hyperventilation for 90 seconds and treadmill 
exercise testing. Twenty-eight patients (1.7 percent) were identified in 
whom hyperventilation resulted in ischemic-appearing. S-T segment 
changes, and follow-up was possible in 21 (17 women, 4 men). Of the 21 
patients, 16 (76 percent), including 15 (88 percent) of the 17 women, had 
evidence of mitral valve prolapse, 6 on auscultation dlone, 2 on echo- 
cardiography alone and 6 with a combination of studies. Ten of the 21 
patients had a negative exercise test; of the 11 Patients who had a positive 
exercise test, only 1 had angiographic evidence of coronaty arterial 
narrowing. The finding of ischemic-appearing S-T segment changes in 
response to forced hyperventilation has a high predictive value for the 
presence of mitral valve prolapse, particularly in women. The possible 
association of autonomic factors and mitral valve prolapse in the patho- 
genesis of an abnormal response to hyperventilation is discussed. 


The electrocardiographic effects of forced hyperventilation have been 
extensively studied by several previous investigators.!-? Most commonly, 
the observed changes consist of nonspecific alterations in the S-T seg- 
ment!~’; less commonly, the S-T segment changes may be sufficiently 
abnormal to simulate a genuine “ positive ischemic" response..593 Because 
coronary arteriograms performed in such patients have generally dem- 
onstrated no evidence of coronary arterial narrowing,® the “positive 
ischemic” changes observed in response to forced hyperventilation have 
been described as false positive responses. The cause of these changes 
is unknown. The present report describes the findings in 21 patients with 
a pseudoischemic response to forced hyperventilation who were studied 
further in order to determine the basis of this so:called false positive 
response to hyperventilation. 


Methods 


Exercise testing: Over a 5 year period (May 1972 to May 1977), 1,678 patients 
were studied in the Exercise Stress Laboratory at Georgetown University Hos- 
pital. The protocol of these studies included the following: (1) a supine 15 lead 
(limb, precordial, orthogonal) electrocardiogram; (2) à modified Vs or 15 lead 
recording in the sitting and standing positions; (3) forced hyperventilation at 
a rate of 45 to 90 respirations/min for 1 to 1 1/2 minutes in the sitting position; 
and (4) multistage exercise electrocardiography on a motorized treadmill, starting 
with a 2 minute practice walk at 2 or more miles/hour and 0 percent grade, and 
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progressing through subsequent increments of 3.5 percent in 
grade at 3 minute intervals.’ Either a modified V5 or 15 lead 
system was used for electrocardiographic monitoring. Exercise 
testing was continued until attainment of 90 percent of the 
age-predicted mean maximal heart rate!? or until the devel- 
opment of hypotension, malignant arrhythmias, advanced 
degrees of heart block, presyncope, persistent angina, marked 
fatigue or dyspnea or incapacitating claudication. A positive 
response to either hyperventilation or exercise was diagnosed 
when there was present at 80 ms after the J (junctional) point 
either (1) 0.1 mV horizontal or downsloping S-T segment 
depression,!! or (2) 0.2 mV upsloping S-T segment depres- 
sion.!? In addition, when S-T segment depression was ob- 
served in the resting supine electrocardiogram, diagnosis of 
a positive response to hyperventilation or exercise required 
that the degree of S-T segment depression observed be at least 
0.1 mV greater than that seen at resti? 

Studies of patients with positive response to hyper- 
ventilation: Review of the records of the 1,678 consecutive 
patients who had been studied revealed 28 (1.7 percent) who 
met the criteria for a positive response to hyperventilation. 
Of these 28 patients (21 women and 7 men), 7 were lost to 
follow-up. The remaining 21 patients were available for fur- 
ther diagnostic evaluation by at least two of the following three 
means: (1) auscultation (with or without phonocardiography); 
(2) M mode echocardiography; and (3) left ventricular and 
coronary cineangiography. M mode echocardiograms were 
performed in 19 of these patients in one or more of the fol- 
lowing positions: supine, semirecumbent or left lateral decu- 
bitus. A 2.25 megahertz focused Aerotech transducer 1.25 cm 
in diameter, with an SK Ekoline 20A ultrasound receiver in- 
terfaced to a Honeywell 1856 strip chart recorder was used. 
Care was taken to direct the transducer perpendicularly (or 
slightly cephalad) to the chest wall when recording the mitral 
leaflets and posterior left atrial wall. 

The following echocardiographic patterns were considered 
diagnostic of mitral valve prolapse: (1) asmooth, pansystolic 
anteriorly concave (*hammock-shaped") mitral valve echo 
deviating more than 2 mm posteriorly from a line connecting 
points C and D of the mitral valve echo, or (2) a late systolic 
posterior (“buckle”) motion of the mitral valve echo deviating 
more than 2 mm posterior to the C-D line.'* Left ventricular 
cineangiography in the 30? right anterior oblique position was 
performed in association with coronary arteriography in five 
patients by either the Judkins or Sones technique.!?16 Sig- 
nificant coronary arterial narrowing was diagnosed when there 
was a greater than 50 percent reduction in luminal diameter. 
All echocardiograms and cineangiograms were reviewed in- 
dependently by three observers. 


Results 


Twenty-one patients (17 women and 4 men) who 
demonstrated a positive hyperventilation response 
(ischemic-appearing ST-T wave changes) were evalu- 
ated. Their ages ranged from 28 to 58 years (mean 44). 
Chest pain was the most frequent presenting complaint 
(15 patients). | 

Of these 21 patients with positive hyperventilation 
response, 16 (76 percent) had evidence of mitral valve 
prolapse. Fifteen of these 16 patients were women. 
Thus, of 17 women with a positive hyperventilation 
response, 15 (88 percent) had evidence of mitral valve 
prolapse. The manner in which the diagnosis of mitral 
valve prolapse was established in the 15 women and 1 
man is illustrated in Figure 1. Eleven of these 16 pa- 
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FIGURE 1. Venn diagram depicting the methods by which the diagnosis 
of mitral valve prolapse was established in 16 patients with a positive 
hyperventilation response. Angio = angiography; Ausc = auscultation; 
Echo = echocardiography. 


tients had a mid systolic click with or without a late 
systolic murmur. M mode echocardiography was posi- 
tive for prolapse in 10, only suggestive in 3 and negative 
in 7. Of the five patients who underwent left ventricular 
angiography, three had evidence of marked mitral valve 
prolapse. All had a posteromedial scallop length index 
greater than 0.27; this index was reported by Smith et 
al.17 to improve considerably the angiographic speci- 
ficity of mitral valve prolapse. In each of the five pa- 
tients in whom the diagnosis of mitral valve prolapse 
could not be established, complete evaluation by all 
three diagnostic methods (auscultation, echocardiog- 
raphy, angiography) was not possible. 

Relation of resting and posture-related S-T 
segment abnormalities to mitral valve prolapse: 
Consideration was given to the possibility that the S-T 
segment abnormalities observed either at rest or after 
postural changes could define clinically distinct 
subgroups among patients with a positive hyperventi- 
lation response. Accordingly, the 21 patients with this 
response were classified into four subgroups (Table I) 
on the basis of appearance of the S- T segment at rest in 
both the supine and standing positions and after forced 
hyperventilation (Fig. 2). The 16 patients with evidence 
of mitral valve prolapse included 7 of 9 in group I (nor- 
mal supine and standing electrocardiogram), 4 of 5 in 
group II (normal supine, abnormal standing electro- 
cardiogram), 1 of 2 in group III (abnormal supine elec- 
trocardiogram, unchanged on standing), and 4 of 5 in 
group IV (abnormal supine electrocardiogram with 
further change on standing). The presence or absence 
of mitral valve prolapse was thus unrelated to the ap- 
pearance of the S-T segment at rest or to changes in the 
S-T segment induced by standing. 

Relation of postural increment in heart rate to 
mitral valve prolapse: In 7 of the 21 patients the heart 
rate increased by 21 or more beats/min (mean 25) on 
change from the supine to the standing position (Fig. 
3). All seven patients had evidence of mitral valve pro- 
lapse. Of 14 patients whose heart rate increased less 
than 21 beats/min (mean 10), 9 with a mean increase of 
9 beats/min were found to have mitral valve prolapse 
whereas 5 with an identical mean increase had no evi- 
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dence of prolapse. Thus, although an orthostatic in- 
crement in heart rate of 21 or more beats/min was as- 
sociated in all cases with mitral valve prolapse, evidence 
of prolapse was also present in patients with orthostatic 
heart rate increments of less than 21 beats/min. 

. Relation of treadmill exercise test to mitral valve 
prolapse: Exercise electrocardiography in the 16 pa- 
tients with mitral valve prolapse resulted in a negative 
response to exercise in 7 patients and a positive response 


TABLE | 


4 


(consistent with myocardial ischemia) in 9 (Table tf. 
Four of the nine patients with a positive exercise test 
underwent coronary arteriography. In only one of these 
patients (Case 20) was there significant coronary arterial 
narrowing. The mean maximal heart rate attained 
during exercise was higher in the group with a negative 
exercise test (184 beats/min) than in the group with a 
positive exercise test (171 beats/min); that is, the neg- 
ative stress test could not be explained on the basis of 


Clinical Characteristics of 21 Patients Exhibiting “Positive Hyperventilation" Response 


Historical Information 


Electrocardiographic Findings * 


Clinical Evaluation for MVP 





Age (yr) Resting Resting 
Case & Sex Symptoms Supine Upright HV Ex Ausc Echo Angio Summary 
Jo MI Wesew a VD irc 45 1c a RC AR Ium Da DITS li os TREND a aru TT e ene cs t NONI ilte AO 
: Group | 
RE ER RE CONUS Ta SAE PROBIS TO See EP I ae Se Ee: Sa ee, NN 
1 34F Dyspnea, NL NL INF = T + NP + Ausc; 
fatigue (84) (79) (150) (190) + Echo 
2 52F Chest pain, NL NL VsML T + + NP + Ausc; 
palpitations (68) (88) (125) (170) + Echo 
3 31F Palpitations NL NL VsML + is + NP + Ausc 
(84) (107) (167) (180) 
4 53F Palpitations NL NL IL + + - NP T Ausc 
(75) (84) (136) (170) 
5 50M Exertional NL NL VsML -— + + NP + Ausc 
; arm pain (79) (115) (150) (188) 
6 42F Chest pain NL L INF - ^ + NP + Ausc 
(60) (72) (88) (160) 
7 46F Chest pain, NL NL INF — + $ NP T Ausc; 
palpitations (75) (75) (105) (175) + Echo 
8 28M Chest pain NL NL INF — — - NP — MVP 
(63) (72) (150) (200) 
9 31M Chest pain NL NL V5ML a — — NP — MVP 
(94) (107) (148) (196) 


Group II 
T cr PAD E UR le DV TRCENEN 
10 39F Palpitations, NP Abnl VsML -— - T NP T Echo 
dyspnea (94) (115) (180) (178) 
11 40F Chest pain, NL Abnl VsML + = ^ NP T Echo 
palpitations (84) (115) (150) (190) 
12 28F Chest pain NL Abnl VsML = = ot NP — MVP 
(88) (107) (136) (188) 
13 53F Chest pain, NL Abnl IL. -— = + NP + Echo 
fatigue (75) (88) (125) (200) 
14 5 1F Chest pain NL Abnl VsML E T JT NP + Ausc; 
(105) (105) (154) (180) + Echo 
e ee EP hai ean aloe d ele i ae ee a "rio a oR en PERS NC ca. D I > 
Group Ill 
A ie En, MORE AF OP ME Ee UTI ee LL, i, ET PRU Re I CREE ae Se” ae hd 
15 58F Chest pain, Abni Abnl VsML T - at + MVP; + Angio 
dyspnea (63) (88) (91) (150) — CAD 
16 44M Chest pain Abnl Abnl IL if - = NP — MVP 
(88) (94) (150) (196) 
Group IV 
IO en eae ete TRIS T TEC ee Oe MP ccc ee Sas SO te ee ee eee ee, ee VERUM ee 
17 46F PVCs Abnl Abni+ IL T T T NP T Ausc; 
(75) (94) (100) (175) T Echo 
18 41F Chest pain Abnl Abni+ IL - T — MVP; + Ausc; 
(65) (88) (115) (150) — CAD + Echo 
19 43F Chest pain Abni Abni+ VsML + -= - T MVP; T Angio 
(72) (88) (115) (170) — CAD 
20 52F Chest pain Abnl Abni+ VsML T T $ + MVP; + Ausc; 
(84) (107) (115) (170) + CAD + Echo; 
+ Angio 
21 57F Chest pain Abnl Abni+ VsML + _ NP — MVP; — MVP 
(75) (75) (88) (125) — CAD 


, 


* Figures in parentheses indicate maximal heart rate attained during each maneuver. 

Abnl = abnormality (nonischemic); Abnl + = increased abnormality (nonischemic); Angio — angiogram; Ausc — auscultation; CAD — coronary 
artery disease; Echo = echocardiogram; Ex = exercise; HV = hyperventilation; IL = inferolateral leads (Il, Ill, aVF, V4-Ve); INF = inferior leads 
(Il, Ill, aVF); MVP = mitral valve prolapse; NL = normal; NP = study not performed; PVCs = premature ventricular complexes; V&ML = Vs monitoring 
lead; + = positive study; — = negative study; + = equivocal study. 
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GROUP | (Pt. no. 2) 
NI supine ECG 
No change standing 
Positive HVR 
GROUP II (Pt. no. 12) 
NI supine ECG 
Changed on standing 
Positive HVR 
GROUP Ill (Pt. no. 16) 
Abni supine ECG 
FIGURE 2. Representative Vs No change standing 
electrocardiographic (ECG) com- Positive HVR 
plexes recorded at rest in the supine 
and standing positions and maximal GROUP IV (Pt. no. 18) 
ST-T wave changes recorded with Abni supine ECG 
hyperventilation (HV) and exercise. 
Abni = abnormal; HVR = hyper- More abni standing 
ventilation response; NL = normal. Positive HVR 


Patient numbers in parentheses 
refer to case numbers in Table I. 


a lower peak exercise heart rate. Of the five patients in 
whom mitral valve prolapse could not be demonstrated, 
two had a positive exercise test and three a negative test. 
Thus, the outcome of the exercise test was not consis- 
tent among patients with a positive hyperventilation 
response. Furthermore, the outcome of the exercise test 
was not helpful in identifying which of the 21 patients 
with a positive hyperventilation response had evidence 
of mitral valve prolapse. 

The mean maximal heart rate attained during hy- 
perventilation in the 21 patients with a positive re- 
sponse to hyperventilation was only 74 percent of the 
mean maximal heart rate achieved with exercise in this 
group (Fig. 4). Nonetheless, of these 21 patients with a 
positive response to hyperventilation, only 11 had a 
positive response to exercise. The ischemic-appearing 
S-T segment changes produced by hyperventilation 
therefore do not appear to be simply a function of 
tachycardia. 

Hyperventilation response in patients with 
known mitral valve prolapse: To define further the 
relation between a positive response to hyperventilation 
and mitral valve prolapse, forced hyperventilation was 
performed in a group of 16 patients (13 women and 3 
men) with known mitral valve prolapse. All members 
of this group had auscultatory evidence of mitral valve 
prolapse, 12 had echocardiograms diagnostic of mitral 
valve prolapse and 1 had diagnostic angiographic evi- 
dence of mitral valve prolapse. There was no statistically 
significant difference with respect to age, occurrence of 
chest pain or palpitations between this group with 

known mitral valve prolapse and our 16 patients with 
a positive hyperventilation response documented to 
have mitral valve prolapse. Nonetheless, a positive re- 








sponse to hyperventilation was observed in only 1 of 
these 16 “control” patients with mitral valve pro- 
lapse. 


Discussion 


Simple changes in T wave configuration with forced 
hyperventilation are common.!” In contrast, S-T seg- 
ment changes that are sufficiently abnormal to fulfill 
criteria for a positive exercise stress test and thereby 
simulate myocardial ischemia are uncommon..?? Lary 
and Goldschlager? reported a 1.4 percent incidence rate 


è 


S 


Increment in Heart Rate from Supine to Standing 
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GROUP 


FIGURE 3. Postural increment in heart rate (from resting supine to 
resting upright position) in the 21 patients by subgroups. Horizontal line 
at 21 beats/min denotes mean increase in heart rate among patients 
of Friesinger et al.?! with "vasoregulatory abnormality." MVP = mitral 
valve prolapse. 
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FIGURE 4. Relation of heart rate achieved with forced hyperventilation 
to peak heart rate achieved with exercise in 21 patients with a positive 
hyperventilation response. In 20 patients, the heart rate achieved during 
hyperventilation was less than the rate achieved with exercise. The five 
patients with no diagnostic evidence of mitral valve prolapse (MVP) are 
indicated by dashed lines. Similar heart rates achieved by more than 
one patient during rest and exercise are depicted as overlapping lines; 
consequently, only 17 lines (4 dashed lines) are shown in this 
figure. 


of ischemic-appearing S-T segment responses to forced 
hyperventilation in 1,000 patients undergoing treadmill 
exercise testing. We have demonstrated a similar inci- 
dence rate (—1.7 percent) of “positive hyperventilation" 
responses in our series of 1,678 patients. Most of the 
patients in the two series were monitored during hy- 
perventilation with use of a modified Vs lead only, 
rather than a 12 or 15 lead system. Because 2 of our 21 
patients exhibited a positive hyperventilation response 
in leads II, III and aVF only, it is clear that use of 12 or 
15 leads would result in detection of a greater incidence 
of this phenomenon. 

Mechanisms of hyperventilation-induced S-T 
changes: Regardless of the extent of these changes in 
the S-T segment, the mechanism by which hyperven- 
tilation causes them to occur has been an enigma. Ear- 
lier proposed causes of the positive hyperventilation 
response have included hyperventilation-induced 
changes in serum electrolytes or associated respiratory 
alkalosis, or both, alterations in heart position, myo- 
cardial ischemia, hyperventilation-induced tachycardia 
and autonomic stimulation. 

With respect to proposed electrolyte changes due to 
hyperventilation, Biberman et al.” demonstrated that 
the first 60 seconds of hyperventilation produced no 
fluxes in the serum concentrations of potassium, sodi- 
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um, calcium or magnesium. Furthermore, various 
workers! demonstrated that stabilization of arterial 
blood pH by inhalation of high concentrations of carbon 
dioxide during hyperventilation does not abolish a 
positive hyperventilation response, thereby eliminating 
respiratory alkalosis as a contributory factor. Even the 
combination of diminished coronary blood flow and 
moderate respiratory alkalosis are insufficient to cause 
"ischemic-appearing" ST-T wave changes in patients 
with coronary artery disease.!8 

Alteration in heart position, as a result of changing 
from the supine to the upright position, does not pro- 
vide an adequate explanation for the occurrence of a 
positive hyperventilation response. Kemp and Ellestad5 
showed that electrocardiographic abnormalities oc- 
curring upon standing gradually revert to normal during 
standing, whereas hyperventilation-induced changes 
persist throughout the hyperventilation period. Fur- 
thermore, in 11 of our patients (the 9 in group I and the 
2 in group III), there was no difference between the 
supine and standing electrocardiograms; S-T segment 
changes in these patients occurred only in response to 
hyperventilation (or exercise). In the remaining pa- 
tients, the S- T segment changes induced by standing 
were far less severe than those induced by hyperventi- 
lation. 

M yocardial ischemia secondary to coronary arterial 
obstruction is no longer a tenable explanation for the 
positive hyperventilation response. McHenry et al.® 
described a patient who manifested ischemic-appearing 
ST-T wave changes with hyperventilation, but in whom 
coronary arteriography revealed no significant lesions. 
Lary and Goldschlager? found a positive hyperventi- 
lation response to be five times more frequent among 
patients with angiographically normal coronary arteries 
than among patients with significant coronary artery 
disease. Our series of 21 patients with a positive hy- 
perventilation response includes 11 previously reported 
on by Jacobs et al.? from our institution. In these 11 
patients, coronary arteriograms were normal in all 5 in 
whom they were performed; in the remaining 6, the age 
and clinical presentation were considered so atypical as 
not to justify coronary arteriography. Among our 21 
patients, 10 had a negative exercise test. Of the 11 pa- 
tients with a positive exercise test, 3 had negative cor- 
onary arteriograms and only 1 (Patient 20) had coronary 
arterial narrowing of greater than 50 percent in diam- 
eter. Thus, although a positive hyperventilation- 
response does not exclude the existence of significant 
coronary arterial narrowing in a given patient, clinical 
evidence of coronary artery disease is absent in the 
majority of patients with "ischemic-appearing" ST-T 
wave changes induced by forced hyperventilation. 

Hyperventilation-induced tachycardia, by in- 
creasing myocardial oxygen consumption, has been 
suggested as a potential cause of the positive hyper- 
ventilation response.? It is unlikely that tachycardia, in 
and of itself, was the basis for the positive hyperventi-, 
lation responses in our patients. First, there was no 
significant difference between the maximal heart rate 
achieved during hyperventilation by our 21 patients 
with a positive hyperventilation response and by the 21 
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*onsecutive patients from our laboratory who failed to 
demonstrate a positive response. Second, of the 21 pa- 
tients exhibiting a positive response to hyperventilation, 
10 had no ischemic ST-T wave changes with exercise. 
Yet in 9 of these 10 patients, the maximal heart rate 
achieved with exercise exceeded that achieved during 
hyperventilation. If the observed S- T segment changes 
were simply a function of heart rate, then one might 
have expected similar changes in the S-T segment at the 
higher heart rates achieved during exercise. 

Relation of hyperventilation-induced S-T 
changes to mitral valve prolapse: It is possible that 
in the patients with mitral valve prolapse, hyperventi- 
lation-induced tachycardia resulted in ischemic-ap- 
pearing ST-T wave changes because of a decrease in left 
ventricular filling and volume, which might increase the 
degree of prolapse and perhaps cause excessive traction 
on the papillary muscles. The normalization of these 
ST-T changes in some of these patients during exercise 
might be due to increased venous return counteracting 
the effect of tachycardia on left ventricular size and the 
degree of mitral prolapse. Of course, this explanation 
for a positive hyperventilation response could not be 
applied to the five patients in our series not documented 
to have mitral valve prolapse. 

Mitral valve prolapse is a known cause of a “false 
positive" ischemic response during exercise testing’; 
nonetheless, the “floppy” mitral valve has not previ- 
ously been suggested as the basis for a pseudoischemic 
(false positive) response to forced hyperventilation. 
There appear to be good reasons for this oversight. First, 
much of the investigative work on hyperventilation- 
induced electrocardiographic changes antedated both 
widespread appreciation of the ubiquity of the mitral 
valve prolapse syndrome!^ and the general clinical ap- 
plication of echocardiography.!-? Consequently there 
is, for example, no description of physical findings 
among 34 patients subjected to hyperventilation by 
Wasserburger and Lorenz? or among the 305 patients 
studied with hyperventilation and stress testing by 
Kemp and Ellestad.® The seven patients with normal 
coronary arteriograms described by Lary and Gold- 
schlager? in detail were not noted to have a systolic click 
or murmur. No echocardiographic results were reported 
nor was any comment made about the presence or ab- 
sence of angiographic mitral valve prolapse. Among the 
11 patients with a false positive response to hyperven- 
tilation, previously described by Jacobs et al.,? 1 had a 
mid systolic click and late systolic murmur, and 3 had 
angiographic evidence of mitral valve prolapse. None 
was initially studied by echocardiography. Nonetheless, 
Jacobs et al. concluded that “there was no clear reason 
why hyperventilation should be related to the billowing 
valve." 

Why mitral valve prolapse should be so intimately 
related to a positive response to hyperventilation is not 

“clear. Others have observed that the findings in patients 
‘with mitral valve prolapse are frequently reminiscent 
of those in the “neurocirculatory asthenia” syndrome.?? 
We therefore considered the possibility that the patients 
with a positive hyperventilation response represented 
the same group described by Friesinger et al.?! as having 


a *vasoregulatory abnormality." Their patients were 
characterized by a “supernormal” cardiac index (4.1 
liters/min per m2) at rest in the supine position and an 
exaggerated increase in heart rate (mean — 21 beats/ 
min) on standing. Fifteen of these 40 patients also ex- 
hibited an orthostatic “ischemic” response of at least 
1 mm flat or downsloping S-T segment depression. In 
addition, the exercise tests of these patients were 
characterized by ischemic-appearing ST-T wave 
changes, unaccompanied by chest discomfort, occurring 
early during exercise but returning toward the baseline 
with continued exercise. Electrocardiographic responses 
to forced hyperventilation among these patients were 
not discussed. 

Ten of our patients (groups II and IV) exhibited or- 
thostatic electrocardiographic changes, and 9 of the 11 
patients with a positive exercise test behaved similarly 
to the group described by Friesinger et al.” with respect 
to the evolution of S- T segment changes during exercise 
testing. Although it is likely that a subgroup of our pa- 
tients with a positive response to hyperventilation also 
have a “vasoregulatory abnormality," this entity was 
not evident in the majority of our patients. Only 7 of our 
21 patients had an increase in heart rate on standing of 
21 or more beats/min. Furthermore, 11 patients (groups 
I and III) exhibited no ST-T wave changes on assuming 
the upright position. 

Autonomic nervous system factors: A final con- 
sideration is that a disturbance of the autonomic ner- 
vous system might represent the common denominator 
in patients with mitral valve prolapse and a positive 
hyperventilation response. Gaffney et al.?? and Bou- 
doulas et al.?? described abnormal autonomic function 
in patients with the click-murmur syndrome. Both ab- 
normal alpha adrenergic and diminished vagal re- 
sponses were documented. Correspondingly, there are 
many data to suggest that the ST-T wave changes in- 
duced by hyperventilation may be mediated through 
the autonomic nervous system. Wasserburger and Lo- 
renz? were able to prevent emergence of previously 
elicited ST-T wave changes by pretreatment with pro- 
pantheline. Furberg and Tengblad^ observed that T 
wave inversions occurring with hyperventilation could 
be abolished by administration of propranolol. Finally, 
Yu et al.? noted that the ST- T wave changes with vol- 
untary hyperventilation could be reproduced by ad- 
ministration of intravenous epinephrine and, in certain 
cases, prevented by phentolamine or propantheline. 
One might speculate, therefore, that there exists among 
patients with mitral valve prolapse a subgroup with an 
autonomic predisposition in whom forced hyperventi- 
lation produces ischemic-appearing ST-T wave changes. 
In this subgroup, perhaps hyperventilation-induced 
tachycardia plays a role in producing these ST-T wave 
changes by increasing the degree of mitral prolapse. 
However, this proposed etiologic association requires 
further confirmation. 
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To establish the range of normal cardiovascular variables of professional 
ballet dancers and to assess the effect of ballet training on the heart, 30 
ballet dancers (15 men and 15 women) from the American Ballet Theatre 
were studied using physical examination, phonocardiography, electro- 
cardiography and echocardiography. When compared with 15 sedentary 
control subjects (8 men and 7 women), male dancers were found to have 
an increased incidence of the third heart sound (p <0.01) and female 
dancers an increased incidence of sinus bradycardia (p <0.01) and sinus 
arrhythmia (p <0.05). Echocardiographic data showed significant in- 
creases for dancers compared with control subjects in interventricular 
septal thickness (men p <0.05, women p <0.001), left ventricular pos- 
terior wall thickness (p <0.01), left ventricular end-diastolic internal di- 
mension (p <0.05) and left ventricular mass index (men p <0.001, women 
p <0.01). 

The observed pattern of combined left ventricular hypertrophy and 
increased left ventricular internal dimension is consistent with the mixed 
isometric-isotonic nature of ballet exercise. It is concluded that, as with 
athletes, physiologic left ventricular enlargement develops in ballet 
dancers in proportion to their training and that these persons represent 
a subgroup of subjects whose heart findings are variants of normal. 


Oh, who can tell, save he whose heart hath tried, 
And danced in triumph o’er the waters wide... 
The Corsair —Lord Byron 


With the current increase in popularity of the Romantic art of ballet, 
and consequently in the number of its performers, more physicians are 
being called on to treat ballet dancers and their related problems. These 
dancers require special consideration by the cardiologist. The great 
physical work required of them may lead to cardiovascular changes that 
may mimic organic heart disease. Recent work? on the possible different 
cardiac effects of isometric versus isotonic exercise in the development 
of left ventricular enlargement in athletes may also be of significance 
for the ballet dancer. We therefore undertook this noninvasive study 
to establish the range of normal cardiovascular findings in professional 
ballet dancers and to relate these findings to the nature of ballet exer- 
cise. 


Methods 


Study subjects: The study was conducted at the Metropolitan Opera House, 
Lincoln Center, New York City, during the regular spring season of the American 
Ballet Theatre. Thirty subjects, all full-time professional ballet dancers, were 
studied: 29 were members of the American Ballet Theatre and 1 was a member 
of the Dance Theatre of Harlem; 15 were male and 15 female (Table I). Their 
ages ranged from 18 to 32 years (mean 23.8). Twenty-four were white, five were 
of Hispanic descent and one was black. There were 5 principal dancers, 6 soloists 


May 1980 The American Journal of CARDIOLOGY Volume 45 959 





TABLE | " 
Biologic Findings in Ballet Dancers and Control Subjects* 


Men Women 
SS SASS GECE. CL ee M 
Control Control 

Dancers Subjects Dancers Subjects 

(n = 15) (n — 8) p Values (n — 15) (n = 7) p Values 
Age (yr) 24.3 + 3.7 29.6+ 2.5 <0.01 23.3 + 3.9 25.6 t 2.9 NS 
Height (cm) 177.0 + 5.1 175.3 + 8.1 NS 165.4 + 3.8 161.3 + 2.0 «0.05 
Weight (kg) 66.5 + 4.8 69.9 + 3.6 NS 49.6 + 3.9 48.2 + 1.1 NS 

) t 0.1 5 + 0.1 53 + 0.0 + 0.0 


è 2 
BSA (m 1.82 + 0.10 1.8 .10 NS 1. .07 1.49 .02 «0.05 
* Data reported are mean + standard deviation. 


BSA = body surface area; NS = not significant; p — probability derived from Student's t test. 


and 21 members of the corps de ballet. More than 95 percent 
of their dancing utilized classic ballet technique. Male dancers 
began training at an average age of 12 and female dancers at 
an average age of 8 years. The total number of years involved 
in ballet averaged 14 with four dancers having careers for 24 
years. 

The dancers' typical daily work schedule (based on a 6 day 
work week) consisted of the following: 1 1/2 to 2 hours of ballet 
class a day (for 48 weeks/year), plus 2 to 7 hours of rehearsal 
a day (for 40 weeks/year), plus 1 to 3 hours of performance a 
day (for 30 weeks/year). The dancers could, therefore, be 
dancing for as many as 10 hours a day. The mean total number 
of lifetime ballet hours was 15,186 (range 6,636 to 29,832). No 
dancer was significantly engaged in heavy physical exercise 
other than dancing. Fifteen sedentary control subjects (eight 
male and seven female) were also studied. 

Each dancer answered a questionnaire concerning his or her 
training, work schedule (a method was devised for computing 
total lifetime ballet hours), past medical history and cardiac 
symptoms. A physical examination was performed in which 
special attention was paid to the cardiovascular system. 

Electrocardiography: A standard 12 lead electrocardio- 
gram was obtained with recordings made with the subject in 
the supine position during quiet respiration. The electrocar- 
diographic criteria of Sokolow and Lyon? were used to diag- 
nose right ventricular hypertrophy. The diagnosis of left 
ventricular hypertrophy by electrocardiogram was based on 
the criteria of Simonson*: for men, S wave in lead V; plus R 
wave in lead Vs greater than 36 mm for those aged above 30 


TABLE Il 


Physical, Phonocardiographic and Electrocardiographic 
Findings in Ballet Dancers 


Fourth heart sound 4296 (5/12) 0% (0/12) 


years or greater than 44 mm for those aged less than 30 years, 
or greater than 33 mm for women. 

Echocardiography: Echocardiograms were obtained with 
an Irex System II echocardiograph interfaced with an Irex 
Black and White recorder. The transducer was angled in the 


conventional manner to obtain views of the left ventricle, 


mitral valve leaflets and aortic root and cusps.? Simultaneous 
diagnostic phonocardiogram and carotid pulse recordings were 
made using the Irex System II multiparameter module and 
transducers. Measurements of septal wall thickness, left 
ventricular posterior wall thickness and right and left ven- 
tricular internal dimensions at end-diastole were all taken 
from the same point in the cardiac cycle just before atrial 


. MF phono 


Male Female | Í : Í 
Dancers Dancers | | 
Heart rate* 60.0 + 8.9 57.9 + 4.6 | | 
Third heart sound 8396 (10/12) 50% (6/12) | | | 
| 
t 


25% (3/12) 33% (4/12) 
73% (11/15) 
53% (8/15) 
7% (1/15) 
20% (3/15) 
0% (0/15) 


Systolic murmur 
Sinus bradycardia 33% (5/15) 
Sinus arrhythmia 33% (5/15) 
IRBBB 33% (5/15) 
S-T abnormality 40% (6/15) 
LVH 13% (2/15) 


* Reported as mean + standard deviation. 

IRBBB = incomplete right bundle branch block; LVH = left ventricular 
hypertrophy; S-T abnormality = S-T elevation greater than 1.5 mm or 
early repolarization. 


m 
O 


\ 
I 


FIGURE 1. Representative phonocardiogram (phono) of a ballet dancer 
showing a third heart sound (S3) and a systolic murmur (SM). Time lines 
= 0.2 second; ECG = electrocardiogram; HF = high frequency; LF — 
low frequency; S1 = first heart sound; S2 = second heart sound. 
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systole. Left ventricular volumes were estimated from the 


internal dimensions by the cube method. Left ventricular 
mass (LVM) was calculated from echocardiographic mea- 
surements based on the method of Troy et al.® and using the 
formula LVM = [(LVIDa + IVS + LVWT)? — (LVID4)?] X 
1.05, where LVID, is the left ventricular internal dimension 
at end-diastole, IVS is the interventricular septal wall thick- 
ness, LVWT is the left ventricular posterior wall thickness and 
1.05 g/cc is the specific gravity of heart muscle. 

Data analysis: The total amount of training (lifetime ballet 
hours) and the intensity of training or work (ballet hours di- 
vided by the number of years in ballet) were correlated with 
left ventricular mass index, stroke volume index and end- 
diastolic volume index for male and female dancers. Chi 
square analysis, Student's t test and Pearson correlations were 
carried out wherever appropriate. 


Results 


Clinical findings: All dancers were in perfect 
physical health and had no history of major medical 
illness such as diabetes, hypertension or rheumatic 
heart or pulmonary disease. Nevertheless, nine dancers 
had complaints of one or more of the following: chest 
pain, shortness of breath, dizziness, syncope, palpita- 
tions and ankle edema. Fatigue was felt by all the 
dancers. Because most of these symptoms were associ- 
ated with heavy physical exertion, they were judged to 


be physiologic. Thirty-eight percent of the dancers 
questioned were cigarette smokers and, of these, 70 
percent began smoking after they joined the com- 
pany. 

Phonocardiograms (Table II and Fig. 1): These 
were obtained in 12 male and 12 female dancers. ‘Ten 
men (83 percent) and six women (50 percent) had a 
third heart sound and five men (42 percent) had a fourth 
heart sound. Systolic murmurs were detected in three 
of the men and four of the women. The murmurs were 
all of low intensity (grade 1 to 2/6), occurred in early to 
mid systole and were of mid to high frequency. Four 
were located at the apex, two at the lower left sternal 
border and one at the pulmonary area. 

Electrocardiograms (Table II): These were ob- 
tained in all the dancers. Sinus bradycardia was found 
in 5 (33 percent) of the 15 men and 11 (73 percent) of the 
15 women, whereas sinus arrhythmia was detected in 
5 men and 8 women. Incomplete right bundle branch 
block occurred in five of the male dancers. S-T abnor- 
malities (S-T elevation greater than 1.5 mm or early 
repolarization) occurred in six male and three female 
dancers. Two men satisfied the electrocardiographic 
criteria for left ventricular hypertrophy; no subject met 
the criteria for right ventricular hypertrophy. 


TABLE Ill 
Echocardiographic Measurements in Ballet Dancers and Control Subjects* 
Men 
Control 
Dancers Subjects 
(n = 14) (n = 8) 
RVID (mm) 20.6 + 3.2 19.9+3.4 
(14-27) (13-24) 
IVS (mm) 11.7 + 1.4 10.2+0.9 
(9-14) 9-11) 
LVWT (mm) 12.9 + 1.7 10.9 + 0.8 
(9-15) (10-12) 
IVS/LVWT 0.92 + 0.12 0.95 + 0.14 
(0.7 1- 1.10) (0.75-1.15) 
LVIDg (mm) 47.8 12.4 45.3 t 1.5 
(43-53) (43-47) 
EDV (ml) 109.9 + 16.4 92.9 + 8.9 
(79.5-148.9) (79.5-103.8) 
EDVI (ml/m?) 59.8 + 10.6 50.3 + 4.3 
(46.0—84.6) (44.9-56.4) 
LVM (g) 285.9 + 37.5 209.0 + 12.2 
(219.5-35 1.9) (191.7-228.5) 
LVMI (g/m?) 158.6 + 23.0 113.3 + 8.5 
(121.5-191.3) (98.4—124.2) 
SV (ml) 72.7 11.0 61.7 + 5.4 
(57.5—98.2) (52.5-7 1.0) 
SVI (ml/m?) 40.3 + 6.6 33.4 3 2.7 
(31.0-55.8) (30.2-38.6) 
EF 0.66 + 0.05 0.66 + 0.03 
(0.59-0.76) (0.63-0.72) 
SF 0.31 + 0.03 0.31 0.03 
(0.26-0.38) (0.28-0.35) 
Vcf 1.07 + 0.11 1.09 + 0.14 
(circumferences/s) (0.89-1.34) (0.91-1.33) 


Women 
Control 
Dancers Subjects 
p Values! (n = 15) (n = 7) p Values! 
NS 18.1 + 2.9 19.7 + 3.4 NS 
(12-22) (15-24) 
<0.05 9.7 3: 1.0 8.0 + 0.6 <0.001 
(9-12) (7-9) 
<0.01 10.9+0.9 9.7 0.5 «0.01 
(10-12) (9—10) 
NS 0.89 + 0.09 0.82 + 0.05 NS 
(0.75-1.10) (0.78-0.90) 
<0.05 43.1 X 2.3 41.0 € 1.5 «0.05 
(39-47) (38-42) 
«0.05 80.9 + 12.6 69.2 + 7.4 «0.05 
(59.3-103.8) (54.9-74.1) 
<0.01 52.8 + 8.2 46.5 + 5.0 NS 
(39.8-67.4) (36.6—50. 1) 
<0.001 188.6 + 28.3 140.5 + 14.6 <0.001 
(148.5-249.3) (117.1-160.5) 
«0.001 123.2 + 17:5 94.5 t 9.9 «0.01 
(102.9-151.1) (78.1-107.7) 
«0.05 57.2 = 9.7 46.0 + 4.8 «0.01 
(41.7-76.8) (39.3—52.1) 
«0.01 37.4 t 6.2 30.9 + 3.3 <0.05 
(28.0—49.9) (26.2-35.2) 
NS 0.71 + 0.03 0.67 + 0.04 «0.05 
(0.62-0.76) (0.62-0.72) 
NS 0.34 + 0.03 0.31 + 0.03 <0.05 
(0.27—0.38) (0.28-0.34) 
NS 1.09 + 0.11* 1.11 £ 0.10 NS 
(0.82—1.25) (0.98-1.28) 


-(ekcumferences/s) = (0.89-134) &— (091—193 CC n> 


tn- 14. 


EDV and EDV! = left ventricular end-diastolic volume and in 
ventricular internal dimension at end-diastole; LVM and LVMI — 


NS = not significant; RVID = right ventricular internal dimension; 
velocity of circumferential shortening. 


* All data are reported as mean + standard deviation and range in parenthesis. 
t Probability values obtained from Student's t test. 


dex; EF = ejection fraction; IVS = 
left ventricular mass and index; LVWT = 


interventricular septal thickness; LVID, = left 
left ventricular posterior wall thickness; 
SF = shortening fraction; SV and SVI = stroke volume and index; Vcf = mean 
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Comparison with normal control subjects: Sta- 
tistical significance was found for the prevalence of a 
third heart sound for male dancers (p «0.01) and sinus 
bradycardia and sinus arrhythmia for female dancers 
(p «0.01 and p «0.05, respectively). In addition, third 
and fourth heart sounds, incomplete right bundle 
branch block, S-T abnormalities and left ventricular 
hypertrophy occurred more frequently in male than in 
female dancers. 

Although the frontal QRS axis was more rightward 
among the dancers, it was not significantly different 
from that of the control subjects, nor were significant 
differences noted in blood pressure, carotid pulse 
tracing, P wave amplitude or duration, P-R interval, 
QRS duration or corrected Q-T interval. 

Echocardiograms (Table III): Echocardiograms 
suitable for analysis were obtained in 29 of the 30 
dancers (Fig. 2). Echocardiographic measurements from 
the control subjects in our study were comparable with 
those reported by others.2:7.8 

When compared with control subjects, dancers ex- 
hibited greater left venticular wall thickness (septum 
and posterior wall), greater left ventricular internal 
dimension (end-diastole) and greater left ventricular 
volume and mass (both uncorrected and corrected for 
body surface area) (Fig. 2 and 3). These measurements 
were all greater in male than in female dancers. Thus, 
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the dancers manifested both increases in left ventricular 
chamber dimension or volume and left ventricular wall 
hypertrophy. 

Left ventricular function indexes showed a greater 
stroke volume and index for dancers than for control 
subjects, but no significant difference for velocity of 
circumferential fiber shortening (Vcf). Ejection fraction 
and shortening fraction were greater only among the 
female dancers. Left atrial, aortic root and right ven- 
tricular dimensions did not vary significantly from those 
of the control subjects. 

Correlation of echocardiographic indexes with 
training or work: Of the 12 correlations performed of 
total lifetime ballet hours and intensity of training or 
work with left ventricular mass index, stroke volume 
index and end-diastolic volume index for male and fe- 
male dancers, 4 were significant (Fig. 4). Intensity of 
work correlated significantly with stroke volume index 
and end-diastolic volume index for male dancers (r = 
0.53, p «0.05 and r = 0.55, p «0.05, respectively), 
whereas for female dancers, ballet hours versus left 
ventricular mass index (r = 0.53, p «0.05) and intensity 
of work versus left ventricular mass index (r = 0.51, p 
<0.05) were significant. These correlations were of only 
modest degree and indicate a trend only. Similar trends 
were obtained with the remaining eight correlations, but 
these were not statistically significant. 


Discussion 


Our findings, when compared with those of previous 
reports on athletes, confirm the idea that ballet dancers 
have an athlete's heart.?7-1^ Numerous reports have 
been made of “abnormal” cardiac findings in ath- 
letes.^5-1^ These include systolic murmurs, gallop 
sounds, incomplete right bundle branch block, early 
repolarization and ST-T changes, sinus bradycardia, 
sinus arrhythmia and left ventricular hypertrophy, all 
of which were present in our dancers. These findings 
have led to the erroneous diagnosis of heart disease, 
unnecessary curtailment of physical activity and dis- 
ruption of professional careers.? We know of a young 
male dancer who was told to give up his ballet career on 
the basis of these findings. This dancer had cardiac 
enlargement and was thought to have rheumatic heart 
disease. After hospitalization and testing, he was finally 
informed that he had an athlete’s heart and was per- 
mitted to return to dancing. One problem may be a lack 
of knowledge concerning the athletic status of ballet 
dancers. However, one study!® relating various physical 
indexes has favorably compared ballet dancers with the 
most competitive professional athletes. 

Thirteen percent of the male dancers we studied had 
left ventricular hypertrophy by electrocardiographic 
criteria. With less stringent but more commonly used 
criteria (S wave in lead V, + R wave in lead Vs greater 
than 35 mm), four male dancers (27 percent) had left 
ventricular hypertrophy. This finding and all of the\ 
aforementioned alterations from "normal," in con- - 
junction with vague chest symptoms, must be borne 
strongly in mind before a diagnosis can be made of or- 
ganic heart disease in athletes or ballet dancers. This 
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"diagnostic error is more likely to be made in male 
dancers. We consider these findings, as do other inves- 
tigators, to be variants of the norm. Our finding of in- 
creased stroke volume and findings of previous studies 
showing increased left ventricular function suggest a 
heart of superiór performance.?7.1?-14 

Patterns of ventricular response to isotonic 
versus isometric exercise: Of special interest is the 
type of response the left ventricle makes to various 
kinds of physical exercise. Morganroth et al.? found two 
distinct patterns: increased left ventricular volume but 
little or no increase in left ventricular wall thickness in 
athletes involved in predominately isotonic exercise 
(ruhners, swimmers), and increased wall thickness in 
athletes involved in, isometric exercise (wrestlers, 
shotputters); with unchanged ventricular volume. Gil- 
bert et al.5 confirmed these results in his group of run- 
ners, as did Zeldis et al.” in their study of female hockey 
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players. Roskamm!’ found similar results when com- 
paring radiographically measured heart volumes in 
various types of athletes. 
Physiologically, isotonic exercise is characterized by 
a significant increase in cardiac output, a moderate in- 
crease in systolic arterial pressure, little or no change 
in diastolic arterial pressure and a decrease in systemic 
vascular resistance.!95-?! When these changes are sus- 
tained, as in the athlete engaged in isotonic exercise, a 
hemodynamic pattern of volume overload results, with 
consequent left ventricular dilatation.^^? Isometric 
exercise causes a marked increase in both systolic and 
diastolic arterial pressure, with only a moderate increase 
in cardiac output.19520?! When these effects are sus- 
tained, as in the athlete engaged in isometric exercise, 
a hemodynamic pattern of pressure overload results, 
consequently increasing left ventricular wall thick- 
nes$s.??? [n addition, Lind and McNicol”? showed that 
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FIGURE 3. Comparison of interventricular septal thickness, left ventricular posterior wall thickness, left ventricular internal dimension at end-diastole 
and left ventricular mass index determined by echocardiography in ballet dancers and control subjects. Bars indicate mean + standard devia- 


tion. 
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when isometric exercise is superimposed on isotonic 
exercise, the cardiovascular effects tend to be addi- 
tive. . 

The ballet dancer’s heart: If we bear these hemo- 
dynamic conditions in mind, the findings in this study 
of an increase in both left véntricular wall thickness and 
volume in ballet dancers may be explained as follows: 
It is well known that ballet is a mixed type of exercise. 
Depending on which step or movement a dancer is using 
at any given time, it may be isometric, isotonic or both. 
For example, placement (the unique posture of ballet) 
utilizes isometric control. To plié (bend the knees), the 
dancer alternates between isometric and isotonic niuscle 
contraction for each of the four successive phases of this 
movement. To pirouette, the supporting leg utilizes 
isometric contraction, while the accelerating leg uses 
isotonic contraction. Jumps, beats and ports de bras 
(arm movements) are mainly isotonic, whereas posing 
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and lifts (performed by the male dancer) are mainly 
isometric. 

Ballet, therefore, subjects the heart to both of the 
aforementioned hemodynamic conditions either se- 
quentially or simultaneously. The result is a combined 
hemodynamic pattern with incréased wall thickness 
(isometric—pressure overload component) and in- 
creased volume (isotonic—volume overload compo- 
nent). However, the values of left ventricular internal 
dimension at end-diastole in the dancers are within the 
usually accepted normal range.? The difference is sig- 
nificant when compared with values in our control 
subjects of similar body size. In the dancers the differ- 
ence in wall thickness is far greater and suggests that the 
isometric component in ballet exercise predominates 
in its influence on the left ventricle. 

It has been demonstrated previously that both heart 
size and function (heart volume, cardiac output, stroke 


FEMALE DANCERS 


r 20.53 
p <005 
r 29.53 1 1 
p <0.05 E 
- 
4 1 
Q 
z e A fe] 
B E R 
< Oo 
z O 
š Oo 
E o 
E o 
ul 
> 
a Oo 
u 
M 


TOTAL LIFETIME BALLET HOURS X 1000 


FEMALE DANCERS 


rz0.51 


p < 0.05 

r =0.55 "t 
p «0.05 E 

2 

x 

a 

z Oo o 

o 
oO 

< o 

> o 

Q 

x m. Oo 

O 

ul 

> 

" O 

u 

uj 

- 





INTENSITY OF WORK (ballet hours per year) 


FIGURE 4. Significant correlations of ballet training (both total amount and intensity of training) with stroke volume index, end-diastolic volume 


index, and left ventricular mass index as determined by echocardiography. Solid circles indicate male and open circles female dancers. 
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volume and oxygen consumption) are directly propro- 
tional to both the amount and the intensity of physical 
training.?^2^ The correlations obtained in this study of 
amount and intensity of training with left ventricular 
mass index, end-diastolic volume index and stroke 
volume index, although significant, are of only moderate 
degree. A trend, nevertheless, is shown. 

Implications: Physiologic left ventricular hyper- 
trophy (as a predominant effect) and increases in left 
ventricular internal dimension develop in ballet danc- 
ers, compared with control subjects, consistent with the 
combined hemodynamic pattern of a mixed type of 
isometric-isotonic exercise. The degree to which this 
occurs may be related to both the total amount and the 
intensity of the dancer's training. Dancers are subject 
to the development of a variety of clinical cardiac 
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findings that might be mistakenly diagnosed as ab- 
normal. We consider the cardiac findings in ballet 
dancers, like those in athletes, to be variants of 
normal. 
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To evaluate the potential usefulness of the tricuspid valve echogram for 
assessing right ventricular end-diastolic pressure, 9 patients with right 
heart failure ànd 10 normal subjects were studied. In the nine patients, 
the initial P-R interval of 184 + 26 (+1 standard deviation) ms did not differ 
significantly from the normal Subjects’ value of 170 + 17 ms; however, 
the A-C interval of 162 + 23 ms was significantly longer (p <0.001) and 
the PR-AC interval of 21 + 16 ms was shorter (p <0.001) when compared 
with corresponding control measurements. Nitroprusside infusion sig- 
nificantly decreased the right ventricular end-diastolic pressure from 15 
+ 4 to 8 + 4 mm Hg in the nine patients (p <0:001). Additionally, it de- 
creased the average A-C interval to 137 + 25 ms (p <0.001) and the 
mean PR-AC interval to 46 + 18 ms (p « 0.05). However, the PR-AC in- 
terval did not correlate closely with the right ventricular end-diastolic 
pressure. Furthermore, it did not separate elevated right ventricular 
end-diastolic pressures from normal pressures. However, a qualitative 
assessment of the morphologic appearance of tricuspid valve closure 
motion during the A-C segment was predictive of right ventricular end- 
diastolic pressure over the wide range produced by nitroprusside infusion. 
In addition, it reliably identified patients with elevated end-diastolic 
pressures. All nine patients had a B plateau or hump in the initial resting 
tricuspid valve echogram when the right ventricular end-diastolic pressure 
was 9 mm Hg or greater. Therefore, an analysis of morphologic changes 
in the tricuspid valve closure motion provides a valuable noninvasive tool 
for assessing right ventricular end-diastolic pressure at rest and during 
acute vasodilator therapy in patients with right heart failure. 


M mode echocardiography is a valuable noninvasive method for assessirig 
mitral valve motion. The presence of a B plateau and a P-R interval 
(electrocardiogram) minus an A-C interval (mitral valve echogram) of 
less than 60 ms (PR-AC interval) has generally predicted a left ven- 
tricular end-diastolic pressure of 20 mm Hg or greater.! This interval 
measurement has been reported to be predictive of hospital mortality 
in patients experiencing acute myocardial infarction, coronary arterial 
bypass grafting, or left ventricular aneurysmectomy.?-^ However, more 
recent investigations? have questioned the ability of the PR-AC interval 
to predict an elevated left ventricular end-diastolic pressure, either at 
rest or during interventions. 

In a group of patients with right heart failure, we identified a B plateau 
and shortened PR-AC interval in the tricuspid valve echogram that 
suggested increased right ventricular end-diastolic pressure. Because. 
no data are available pertaining to this potential relation, we studied 
normal subjects and patients with right heart failure to determine 
whether a B plateau, the tricuspid valve A-C interval or the PR-AC in- 
terval could predict right ventricular end-diastolic pressure at rest and 
during acute vasodilator therapy. 
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Study population: Technically adequate M mode echo- 
cardiograms of the tricuspid valve were obtained in 23 (72 
percent) of 32 patients with clinically significant right ven- 
tricular failure manifested by jugular venous distension 
(pressure greater than 6 cm H20) pedal edema, right ven- 
tricular third and fourth heart sounds and tricuspid regurgi- 
tation of varying degree. A B plateau was present in the tri- 
cuspid valve echogram in 21 (91 percent) of these 23 patients. 
Nine of these patients consented tó hemodynamic investiga- 
tion in the cardiac catheterization laboratory. These nine 
subjects were all men ranging in age from 46 to 76 years (mean 
59). Ischemic heart disease was present in three patients and 
six had idiopathic cardiomyopathy. All were severely symp- 
tomatic hospitalized patients; four were in New York Heart 
Association? class III and five in class IV on treatment with 
digitalis and diuretic drugs. All had normal sinus rhythm at 
the time of the study and none had intraventricular conduc- 
tion abnormalities in the electrocardiogram. In addition, 10 
normal subjects without clinical evidence of cardiac disease 
who had adequate echograms of the tricuspid valve served as 
control subjects. There were seven men and three women 
ranging in age from 24 to 30 years. 

Echocardiography: A Picker Echoview System 80-C in- 
terfaced with an Irex Continutrace strip chart recorder was 
used to record the tricuspid valve echogram obtained by 2.25 
megahertz transducer focused at 7.5 mm. For each study, the 
patients were positioned in the 20? to 30? left lateral decubitus 
position. The tricuspid valve was identified as previously 
described? by locating the aortic or mitral valves from the 
standard interspace and angulating the transducer medially. 
Recordings were made at a paper speed of 50 mm/s because 
this was the most rapid paper speed at which technically ad- 
equate tricuspid valve recordings could be made in all 
subjects. 

The P-R and A-C intervals were measured by methods 
previously described for the mitral valve,!-?^ utilizing the 
tricuspid valve echogram and simultaneously recorded elec- 
trocardiogram (Fig. 1). Briefly, the P-R interval was measured 
on the electrocardiogram from the onset of the P wave to the 
onset of the QRS complex. The A-C interval was measured on 
the tricuspid valve echogram from the peak of the a.wave to 
the C point, as identified by the apposition of the anterior and 
septal leaflets of the tricuspid valve or by the termination of 


MEASUREMENTS 





TV echo 


FIGURE 1. Schematic representation of the relation between the 
electrocardiogram and tricuspid valve motion, and the intervals mea- 
sured. A — peak of a wave amplitude; AC — duration of closure from 
A to C; B = break or plateau during tricuspid valve closure motion; C 
— point of complete tricuspid valve closure; ECG — electrocardiogram; 
PR = onset of P wave to onset of QRS complex; TV = tricuspid 
valve. i; 
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the anterior leaflet closure motion when the septal leaflet was 
not seen. All measurements were made during expiration and 
expressed as a mean of at least five beats. Also, a qualitative 
morphologic assessment of the A-C interval closing motion 
was performed at end-expiration because of the observed 
variation in tricuspid valve motion during the inspiratory 
augmentation of right ventricular filling (Fig. 2). 

Catheterization procedure: All nine patients had arterial 
pressure monitored through a left brachial arterial cannula 
inserted using the percutaneous Seldinger technique, and 
right heart catheterization with a no. 7 Swan-Ganz catheter 
performed from a right antecubital cutdown. Both systemic 
arterial and right heart pressures were recorded by fluid-filled 
systems utilizing Statham P23Db strain gauges. In addition, 
four of these nine patients had simultaneous right heart 
catheterizations performed with either a no. 7 or 8 Millar high 
fidelity micromanometer-tipped angiographic catheter spe- 
cifically designed for measurement of right ventricular end- 
diastolic pressure. The micromanometer system was internally 
calibrated electronically after equilibration to body temper- 
ature. The Swan-Ganz and Millar end-diastolic pressure re- 
cordings did not differ from each other in these four patients 
either at rest or during the intervention. Cardiac output levels 
were determined in duplicate with the indocyanine green 
dye-dilution technique using a Gilford 140 cardiac output 
computer. Total pulmonary resistance was calculated as mean 
pulmonary arterial pressure divided by cardiac output (li- 
ters/min), and pulmonary vascular resistance was calculated 
as the difference between mean pulmonary arterial pressure 
and mean pulmonary capillary wedge pressure divided by 
cardiac output (liters/min) and both results multiplied by 80 
to convert to dynes sec cm~. Measurements on the right 
ventricular pressure pulse included the end-diastolic pressure 
at the z point and the a wave amplitude. All values were av- 
eraged over at least two end-expiratory periods. 

‘ Vasodilator administration: After informed consent was 
obtained, the nine patients were taken to the cardiac cathe- 
terization laboratory in the fasting state without premedica- 
tion. Initial values at rest for systemic arterial pressure, right 
heart pressures and cardiac output and echograms of the tri- 
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FIGURE 2. Tricuspid valve motion during inspiration is shown. A con- 
comitant increase in right ventricular end-diastolic pressure from 4 to 
9 mm Hg was noted. ECG = electrocardiogram; TV = tricuspid valve 
echo. 
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FIGURE 3. Right ventricular end-diastolic pressure (RVEDP), initially 
(PRE NP) and during peak nitroprusside infusion (POST NP) in nine 
electively studied patients. Open circles in vertical bars indicate mean 
+ 1 standard deviation. ** = p <0.001. 


cuspid valve were recorded. With continuous monitoring of 
systemic arterial and right ventricular end-diastolic pressures, 
a nitroprusside infusion (50 mg in 250 ml of 5 percent dextrose 
and water) was begun at 33 ug/min in each patient and in- 
creased by 17 to 33 ug/min every 5 minutes until either mean 
systemic arterial pressure had decreased to 60 mm Hg or right 
ventricular end-diastolic pressure was 5 mm Hg or less. During 
the maximal hemodynamic response to nitroprusside, sys- 
temic arterial pressure, right heart pressures, cardiac output 
and tricuspid valve echograms were again obtained whereupon 
the infusion was discontinued. 

Statistics: Data analysis was performed with use of Stu- 
dent's t test for either paired or nonpaired data. Correlation 
coefficients were determined by linear regression analysis. 


Results 


Hemodynamic data: The nine patients evaluated 
electively had pronounced impairment of right heart 
hemodynamics which improved significantly during 
peak nitroprusside infusion. The initial mean pulmo- 
nary arterial pressure averaged (mean + 1 standard 
deviation) 39 + 7 mm Hg and decreased to 25 + 7 mm 
Hg (p <0.01) at peak nitroprusside infusion. Similarly, 
the pulmonary capillary wedge pressure decreased from 
an average of 29 + 8 to 15 + 9 mm Hg (p <0.01) with the 
nitroprusside infusion. Cardiac output averaged 2.6 + 
0.7 liters/min and increased during peak nitroprusside 
infusion to 4.1 + 0.8 liters/min (p <0.001). Total pul- 
monary resistance averaged 1,291 + 400 dynes sec cm? 
and decreased to 507 + 120 dynes sec cm-? (p <0.001) 
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TABLE | 


Electrocardiographic and Tricuspid Valve Echographic 
Intervals (mean values + 1 standard deviation) 


Electively Studied Patients 





(n — 9) Normal Patients 
(control) 
Initial Peak NP (n = 10) 
P-R (ms) 184 + 26 183 + 27 170+ 17 
A-C (ms) 163 + 23: 137 + 25t 102 + 11 
PR-AC (ms) 21+ 16! 46 + 18* 68 + 18 


* p €X0.05,! p «0.01 and* p «0.001 (compared with normal patient 
control values). 
Peak NP = peak nitroprusside infusion. 


with nitroprusside, and pulmonary vascular resistance 
decreased during nitroprusside infusion from 332 + 127 
to 215 + 123 dynes sec cm-? (p «0.01). The initial right 
ventricular end-diastolic pressure averaged 15+ 4 mm 
Hg and decreased in all patients to a mean value of 8 4 
4 mm Hg (p <0.001) during peak nitroprusside infusion 
(Fig. 3). Right ventricular a wave amplitude averaged 
7 X 1mm Hg at rest and decreased with nitroprusside 
to 4 + 2mm Hg (p <0.001). Finally, there was a small 
but insignificant decrease in the average heart rate from 
92 + 10 to 87 + 14 beats/min with the nitroprusside 
infusion. 

Echocardiographic data (Table I): During peak 
nitroprusside infusion in the nine patients, the elec- 
trocardiographic mean P-R interval was unchanged; 
however, the tricuspid valve A-C interval decreased in 
eight patients and the average value decreased from 163 
+ 23 to 137 + 25 ms (p <0.001). Also, the PR-AC in- 
terval increased in seven patients and the average value 
rose from 21 + 16 to 46 + 18 ms (p <0.05). The indi- 
vidual changes in the A-C and PR-AC intervals with 
nitroprusside are graphically related to right ventricular 
end-diastolic pressure in Figure 4. The change in the 
A-C interval during nitroprusside infusion correlated 
well with the observed decrease in right ventricular 
end-diastolic pressure (r = 0.89). An example of tri- 
cuspid valve echograms during the initial resting state 
and with nitroprusside infusion are shown for one pa- 
tient in Figure 5. 
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FIGURE 4. Left, the A-C interval duration COME" 
before (Pre) and after (Post) nitroprusside (NP) related 

to right ventricular end-diastolic pressure (RVEDP) 
(abscissa) in the nine electively studied patients. 
Right, the PR-AC interval duration related to right 
ventricular end-diastolic pressure. 
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-diastolic pressure 9 mm Hg). 


d-diastolic pressure 7 mm Hg). 


tricuspid valve echo. 
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Um ott et Te LINO FNCOSOUNE—SIAHKLING ET AL. 


The electrocardiographic and tricuspid valve inter- 
vals for the nine patients are compared with values in 
the 10 control subjects in Table I. The P-R intervals 
were not significantly different. The average initial A-C 
and PR-AC intervals for these patients were both sig- 
nificantly different (p «0.001) from those of the normal 
subjects. No patient had an initial A-C interval within 
the normal range for our control subjects (84 to 124 ms); 
however, one patient had a PR-AC interval that was 
within the normal range of 46 to 130 ms. Even though 
the A-C and PR-AC intervals returned toward normal 
during the nitroprusside infusion, significant differences 
still remained between the mean values for these in- 
tervals and the normal control measurements (p «0.01, 
and p «0.05, respectively). Three of the nine patients 
had an A-C interval and five had a PR-AC interval 
within the normal range during peak nitroprusside 
infusion. However, only one of the three patients with 
a normal A-C interval and two of the five with a normal 
PR-AC interval during peak nitroprusside infusion had 
a normal right ventricular end-diastolic pressure (5 mm 
Hg or less). 

A qualitative morphologic assessment of tricuspid 
valve closure motion during the A-C segment was 
performed on the echograms recorded at rest and at 
peak nitroprusside infusion. Four distinct patterns were 
identified and are drawn in Figure 6 and are demon- 
strated by one patient in Figure 5. A smooth uninter- 
rupted A-C segment closure motion resembling that 
seen on all the normal subjects' tricuspid valve echo- 
grams was defined as type 0. Type 1 was identified by 
a distinct break in the A-C segment ata B point. Type 
2 and type 3 tricuspid valve closure motion were rep- 
resented by an interruption in the A-C segment by ei- 
ther a flat plateau or a concave upward hump, respec- 
tively. | 

The best predictor of right ventricular end-diastolic 
pressure over the wide range recorded before and dur- 
ing the nitroprusside infusion in our patients was the 
qualitative pattern of tricuspid valve motion (Fig. 6). 
All nine patients with right heart failure had a B plateau 


ros || nf CT M 
AER 4 


RVEDP (mmHg) 





TV Motion Pattern 


FIGURE 6. Morphologic appearance of the tricuspid valve (TV) motion 
pattern schematically represented in relation to the right ventricular 
end-diastolic pressures (RVEDP) recorded in the nine electively studied 
patients at rest and during peak nitroprusside infusion. Mean end-dia- 
stolic pressure values are represented for each grade of tricuspid valve 
motion pattern by horizontal bars. ECG — electrocardiogram. 
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or hump (types 2 or 3) during the initial resting echo- 
gram when the end-diastolic pressure ranged from 9 to 
19 mm Hg. Three of these nine patients had a B plateau 
(type 2) during peak nitroprusside infusion at an end- 
diastolic pressure of 7, 13 and 17 mm Hg, respectively. 
In three patients tricuspid valve motion improved to the 
morphologically intermediate type 1 pattern at an 
end-diastolic pressure of 7, 8 and 10 mm Hg, respec- 
tively. In the remaining three patients tricuspid valve 
motion returned to normal (type 0) and end-diastolic 
pressure was 5 mm Hg or less. Therefore, the presence 
of an abnormal tricuspid valve echogram (type 1, 2 or 
3) indicated a right ventricular end-diastolic pressure 
of 7 mm Hg or greater. 

Patients in intensive care unit: On the basis of this 
experience, we evaluated three additional patients who 
required insertion of a no. 7 Swan-Ganz thermodilution 
catheter for hemodynamic monitoring during treatment 
in the intensive care unit. One patient with an initial 
right ventricular end-diastolic pressure of 14 mm Hg did 
not manifest hemodynamic improvement; the right 
ventricular end-diastolic pressure remained at 14 mm 
Hg after 3 days of treatment with small dose dopamine 
infusion. Even though the A-C interval shortened from 
168 to 145 ms and the PR-AC interval lengthened from 
9 to 37 ms, there was no qualitative change in tricuspid 
valve motion and a B plateau persisted. The condition 
of the other two patients improved with a regimen of 
digoxin and diuretic drugs in one and of dopamine and 
nitroprusside in the other. The end-diastolic pressure 
in.these patients decreased from 14 to 6 mm Hg and 
from 10 to 4 mm Hg, respectively. Tricuspid valve mo- 
tion improved with loss of the B plateau in one patient 
and normalization in the other, and the A-C interval 
decreased from 165 to 138 and from 153 to 134 ms and 
the PR-AC interval increased from 10 to 31 and from 
20 to 40 ms, respectively. 


Discussion 


Tricuspid valve motion as indicator of right 
ventricular end-diastolic pressure: Our data suggest 
that a qualitative assessment of tricuspid valve closure 
motion during the A-C segment can be used to estimate 
right ventricular end-diastolic pressure over a wide 
range. The morphologic configuration of the tricuspid 
valve A-C segment appears to be altered from the 
smooth uninterrupted closure motion seen in normal 
tricuspid valve echograms through sequential degrees 
of abnormality as the right ventricular end-diastolic 
pressure increases. The initial alteration is a break in 
the A-C segment at a B point. As the end-diastolic 
pressure increases to at least 7 mm Hg, a B plateau or 
B hump appears. Our data further suggest that a B 
plateau or hump is a relatively accurate indicator of a 
right ventricular end-diastolic pressure of 9 mm Hg or 
more; however, these particular morphologic changes 
were also seen in one patient at an end-diastolic pressure 
of 7 mm Hg. Our findings on the tricuspid valve echo- 
gram are in accord with the report of Konecke et al.! on 
abnormal mitral valve motion in which 14 of 18 patients 
with a left ventricular end-diastolic pressure of 20 mm 
Hg or more had a B plateau. 
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. Tricuspid valve A-C and PR-AC intervals: These 
intervals were not useful for estimating right ventricular 
end-diastolic pressure over a wide range of measure- 
ments and had poor correlation coefficients of 0.42 and 
0.52, respectively. In most of our patients, the tricuspid 
valve A-C interval shortened and the PR-AC interval 
lengthened in association with the change in end-dia- 
stolic pressure produced by nitroprusside (Fig. 4). 
However, the tricuspid valve A-C and PR-AC intervals 
were unable to separate patients with elevated right 
ventricular end-diastolic pressure from those with 
normal pressure. These findings are similar to the re- 
sults reported by Lewis et al? for the mitral valve. T'hese 
investigators found a weak correlation between the 
PR-AC interval and left ventricular end-diastolic 
pressure after interventions that increased or decreased 
this pressure. In addition, they found no PR-AC interval 
that could reliably separate patients with normal from 
those with an elevated level of left ventricular end- 
diastolic pressure. 

Mechanisms for changes in tricuspid valve mo- 
tion: Several mechanisms for the alteration in the mitral 
valve motion pattern and PR-AC interval have been 
suggested, and these may explain our findings in the 
tricuspid valve. These include elevated end-diastolic 
pressure, prominent a wave component to the ventric- 
ular pressure pulse, volume overload and arterial 
pressure elevations.'?9 All of our patients with abnor- 
mal tricuspid valve motion had a right ventricular 
end-diastolic pressure of 7 mm Hg or greater. In addi- 
tion, all the patients had an a wave amplitude of 3 mm 
Hg or greater, and the tricuspid valve motion pattern 
appeared to be related to the amplitude of the a wave. 
The PR-AC interval correlated weakly with the a wave 
amplitude (r = 0.66). Therefore, right ventricular end- 
diastolic pressure and the prominence of the a wave 
probably contribute to the genesis of abnormal tricuspid 
valve closure motion. Also, the a wave prominence 
probably contributed to the genesis of the shortened 
PR-AC interval. This is consistent with the findings of 
other workers! for the mitral valve. 

The tricuspid valve motion abnormalities we ob- 
served may be explained by an early initiation of valve 
closure and by delayed complete closure of the valve 
leaflets. Theoretically, a prominent rise in right ven- 
tricular end-diastolic pressure due to atrial systole in 
a noncompliant ventricle causes an early equalization 
in atrial and ventricular pressures. Consequently, the 
tricuspid valve closure motion would be initiated earlier 
than is normal. However, because of elevation in both 
right atrial and right ventricular end-diastolic pressure, 
complete closure of the tricuspid valve would await the 
initiation of ventricular contraction.? The termination 
of tricuspid valve closure could be delayed because of 
the time required to generate a right ventricular pres- 
sure that exceeds right atrial pressure causing closure 
of the valve leaflets. Also, a decrease in the myocardial 
ontractile state might delay the generation of an ade- 
quate right ventricular pressure to complete tricuspid 
valve closure. 

Elevated right ventricular end-diastolic pressure 
and the amplitude of the a wave alone may not ade- 


quately explain the tricuspid valve motion alterations 
in our patients. Corya et al.? found correlations between 
the left ventricular end-diastolic pressure and the 
PR-AC intervals only when the left ventricular internal 
dimension index was increased. All of our patients had 
clinically significant right heart failure. The ease with 
which the tricuspid valve echogram was recorded would 
suggest an increased right ventricular dimension.’ In 
the eight patients in whom it could be measured, right 
ventricular internal dimension at rest ranged from 3.2 
to 3.9 cm. These values exceed the upper limit of normal 
of 2.6 cm.!° Therefore, an enlarged right ventricle may 
be required to generate the tricuspid valve motion ab- 
normalities seen in our patients. 

Elevated pulmonary arterial pressure may also be 
a factor in the production of interrupted tricuspid valve 
closure and shortened PR-AC interval. The tricuspid 
valve motion abnormalities were associated with ele- 
vated mean pulmonary arterial pressure, and the 
PR-AC interval correlated weakly with this pressure (r 
= 0.68). This relation between valve motion and arterial 
pressure is consistent with observations reported for the 
mitral valve. Feigenbaum and associates? administered 
phenylephrine to one patient with normal mitral valve 
closure to increase systemic arterial pressure, left ven- 
tricular end-diastolic pressure and a wave amplitude. 
These hemodynamic changes produced a B plateau on 
the mitral valve echogram. All nine of our patients had 
increased mean pulmonary arterial pressures which may 
have played a role in the genesis of abnormal tricuspid 
valve motion. 

Potential problems of the method: Certain po- 
tential problems must be considered when attempting 
to assess tricuspid valve closure motion during the A-C 
segment and the PR-AC interval. These include ab- 
normal P-R interval prolongation or shortening, and the 
presence of intraventricular conduction defects. None 
of our subjects had a short P-R interval or intraven- 

tricular conduction defect, but some had P-R interval 
prolongation. Zaky et al? evaluated mitral valve closure 
patterns in patients with P-R intervals ranging from 180 
to 280 ms. A subgroup of these patients with normal left 
atrial and left ventricular end-diastolic pressures had 
complete presystolic closure of the mitral valve due to 
a reversed pressure gradient when end-diastolic pres- 
sure exceeded left atrial pressure. This finding was 
confirmed by other investigators!! who attributed the 
reversed pressure gradient and complete presystolic 
closure to an effective atrial contraction alone. In eight 
other patients, incomplete closure of the mitral valve 
(B plateau) was observed. Six of these eight patients had 
abnormally elevated left atrial and left ventricular 
end-diastolic pressures. In these patients, closure was 
completed only after ventricular systole was initiated. 
Five of our nine patients had a P-R interval greater than 
180 ms and three had a P-R interval greater than 200 ms 
(range 205 to 215 ms). The duration of the B plateau or 
hump in these latter three patients ranged from 55 to 
70 ms. Therefore, in light of the data of Zaky et al. on the 
mitral valve, it is probable that incomplete tricuspid 
valve closure during the A-C interval as evidenced by 
a B plateau or hump (type 2 or 3) results from elevations 
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in right atrial and right ventricular end-diastolic pres- 
sures. T'he prolonged P-R interval itself should not have 
produced this abnormality, even though it may have 
contributed to its duration. 

Clinical implications: Our data suggest that analysis 
of the tricuspid valve motion pattern alone is a useful 
echocardiographic indicator of right ventricular end- 
diastolic pressure in patients with right heart failure. 
The presence of a B plateau or hump usually indicates 
a right ventricular end-diastolic pressure of 9 mm Hg 
or greater. In addition, alterations in tricuspid valve 
motion facilitate estimations of end-diastolic pressure 
over a wide range during acute hemodynamic alter- 
ations. The PR-AC interval does not correlate with right 


ventricular end-diastolic pressure, nor does it reliably 
separate patients with elevated end-diastolic pressure 
from those with normal pressure. Therefore, the se- 
quential analysis of morphologic changes in the tri- 
cuspid valve closure motion during the A-C interval 
provides a simple and valuable noninvasive tool for 
assessing right ventricular end-diastolic pressure at rest 
and during acute vasodilator therapy in patients with 
right ventricular failure. 
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In angina pectoris... 


NITRO-BID 


296 nitroglycerin) 
Transdermal Ointment 


For prolonged prophylactic action, 
with improved left ventricular function 


“Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 
» evidence of pharmacological activity evident 
‘ upto eight hours after application" 


"data indicate that nitroglycerin ointment 
(NITRO-BID9) exerts profound reduction of 
peripheral arteriolar and venous tone with 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia? 


Patient-titratable dosage 





Brief Summary: 

Description: Nitroglycerin 2% (glyceryl trinitrate) and lactose in a special absorptive lanolin and white rate, faintness, flushing, dizziness, and nausea may occur. These all are attributable to the pharmacologic 
petrolatum base. effects of nitroglycerin on the cardiovascular system, but are symptoms of overdosage. When they occur 
Action: Nitroglycerin is continuously absorbed through the skin into the circulation, thus exerting prolonged and persist, the dosage should be reduced: 

vasodilator effects. 


Dosage: Usual dose is 2 inches (50 mm), as squeezed from the tube, every eight hours. Some patients 


-— Indications: For the prevention and treatment of angina pectoris due to coronary artery disease. 


Contraindications: In patients known to be intolerant of the organic nitrate drugs. 
Warnings: In acute myocardial infarction or congestive heart failure, nitroglycerin ointment should be used 
m careful clinical and/or hemodynamic monitoring. 

Precautions: Symptoms of hypotension, particularly when suddenly arising from the recumbent position, 
are signs of overdosage. When they occur, dosage should be reduced. 

Adverse Reactions: Transient headaches are the most common side effect, 
especially at higher dosages. Headaches should be treated with mild analgesics, 
and nitroglycerin ointment continued. Only with untreatable headaches should 
the dosage be reduced. Although uncommon, hypotension, an increase in heart 
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Another patient benefit product from 
PHARMACEUTICAL DIVISION 


MARION 


LABORATORIES, INC. 
KANSAS CITY. MISSOURI 64137 


may need 4 to 5 inches (100 to 125 mm) and/or application every four hours. Optimal dosage should be 
based upon clinical response, side effects, and effects of therapy upon blood pressure. Consult full product 
disclosure before prescribing 

Caution: Federal law prohibits dispensing without prescription. 
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Alpha 
Stimulation 


Central Control of 
Blood Pressure” 





e Alpha 
Advantage: 


Its for all kinds of hypertensives 


e Unlike beta blockers, Catapres" has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure X Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play — normal hemodynamic responses to exercise maintained. 


lOve —low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied." 


cardiac output- tends to return to control values during long-term therapy. 
blood flow— preserved in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow from 
the brain, as shown in animal studies 


1. Data on file at Boehringer Ingelheim Ltd 


» Please see last page for brief summary, including 
=~ Warnings, precautions, and adverse reactions. 
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The Alpha 


Advantage: 


It’s for all kinds 
of hypertensives 


Catapres `“ 


Clonidine HCl) 
Hypertension 





e No contraindications. The usual starting dose of Catapres is 0.1 mg at break- 
PR AT fast and 0.1 mg at bedtime. Some patients may benefit 
e Effective in all degrees of hypertension. It is mild to from a starting dose of 0.1 mg at bedtime. 


moderate in potency. 
P d Usual daily dose range—0.2 — 0.8 mg 


e Low incidence of depression, impotence, orthostatic 


hypotension— no fatal hepatotoxicity. Maximum daily dose—2.4 mg 
Doses as high as this have rarely been employed. 


e Preserves kidney blood flow. | 
For optimal results, the dose of Catapres must be 


Most common side effects are dry mouth, drowsiness, adjusted according to the patient's individual blood 4 
and sedation which generally tend to diminish with time. | pressure response. 





® sal 
Catapres : spontaneously occurring retinal degeneration in albino rats treated for 6 months or 
(clonidine hydrochloride) longer. 

Tablets of 0.1, 0.2, 0.3 mg Adverse Reactions: The most common reactions are dry mouth, drowsiness and 
Indication: The drug is indicated in the treatment of hypertension. As an anti- sedation. Constipation, dizziness, headache, and fatigue have been reported. 


hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in Generally these effects tend to diminish with continued therapy. The following | 
potency. It may be employed in a general treatment program with a diuretic and/or reactions have been associated with the drug, some of them rarely. (In some | 


other antihypertensive agents as needed for proper patient response. instances an exact causal relationship has not been established.) These include: 
; ; ; Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalities in 

: Toler m : 
Warnings: Tolerance may develop in some patients necessitating a reevaluation liver function tests; one report of possible drug-induced hepatitis without icterus 


of therapy. d yer j | 
Usage in Pregnancy: In view of embryotoxic findings in animals, and since and hyperbilirubinemia in a patient receiving clonidine hydrochloride, chlor- | 
information on possible adverse effects in pregnant women is limited to uncon- thalidone and papaverine hydrochloride. Weight gain, transient elevation of blood 
trolled clinical data, the drug is not recommended in women who are or may glucose, or ages creene: phosphokinase: Congestive heart allure, Raynaud's 
become pregnant unless the potential benefits outweigh the potential risk to phenomenon; vivid dreams or nightmares, insomnia, other behavioral changes, 

nervousness, restlessness, anxiety and mental depression. Also rash, an- 


mother and fetus. i , coms That 
Usage in Children: No clinical experience is available with the use of Catapres gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associated 
(clonidine hydrochloride) in children with arash, impotence, urinary retention, increased sensitivity to alcohol, dryness, 

did i pt i itching or dpi t the eyes, dryness of the nasal mucosa, pallor, gynecomastia, 
Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the weakly positive Coombs' test, asymptomatic electrocardiographic abnormalities 


dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and manifested as Wenckebach period or ventricular trigeminy. 


associated subjective symptoms such as nervousness, agitation, and headache, Overdosage: Profound hypotension, weakness, somnolence, diminished or ab- 
E SADO stelle AREO TIO APA ae PURE her sent reflexes and vomiting followed the accidental ingestion of Catapres (clonidine 
physician. Rare instances of hypertensive encephalopathy and death have been hydrochloride) by several children from 19 months to 5 years of age. Gasti 
Liab after poate oth of pir ds pen eh therapy. A causal relationship lavage and »liinistidfion okan ehiabh and wakooresice bd to rains ~ 

aS, not been established. in these cases. it has been. demonstrated that an covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-minute 


excessive rise in blood pressure, should it occur, can be reversed by resumption of d^ i 
clonidine hydrochloride. therapy or by intravenous Shénibiamine. ataria who tls a usually abolishes all effects of Catapres, (clonidine hydrochloride) over- 
osage. 


engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 mg 
depressive effects of alcohol, barbiturates and other sedatives. Like any other (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 1000. Also 
agent lowering blood pressure, clonidine hydrochloride should be used with available as 0.3 mg (peach) oval, single-scored tablets in bottles of 100. 
caution in patients with severe coronary insufficiency, recent myocardial infarction, For complete details, please see full prescribing information. 
cerebrovascular disease or chronic renal failure. Under license from Boehringer Ingelheim GmbH 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity of 
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In 1976 Marquette introduced CASE (Computer Assisted 
System For Exercise) with its new unique features of noise 
rejection, compressed record, amythmia detection 
and final report. 


In 1977 we introduced some notable improvements such as extended final 
report and incremental averaging. More important, every CASE owner was 
able to update his system through simple software revision. 
In 4980 we're introducing new features. e S-T Integral measurement * Worst 
case S-T slope Interval e Further Improved final report... 
All with a simple software update. 


This is what Marquette is doing about obsolesence and the protection 
of your investment! 
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í electronics inc. 


Factory & Central Office e 8200 W. Tower Ave. * Milwaukee, WI 53223 e (414) 355-5000 
Westem Europe e Emsbergerstr 9, D8000 e Munchen 60, West Germany e (089) 88 30 24 
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New Strategies for 


Prostaglandin -Mediated Illness 


The Unfolding World of Ascriptin® 


Aspirin 325 mg buffered with Maalox® 150 mg 


There is a long and varied catalog of ills not caused by 
pathogens or invaders, but by the body’s defenses, 
functioning abnormally. The involvement of prostaglandins 
in many of these conditions underlies the wide-ranging 
benefits of therapy with aspirin. 


Aspirin has been called an “incredibly safe drug?! the one 
most widely used in the world. Its awesome safety record 
stretches over 80 years of near-universal use by children, 
adults, the elderly, the fragile and the debilitated. It is one 
of the least expensive of all drugs for your patient; 





certainly the least expensive prostaglandin/platelet 
aggregation inhibitor. 

Modern use of aspirin is far more sophisticated than the 
classic two tablets for analgesia. Aspirin is technique- 
sensitive: by selecting appropriate doses and schedules, the 
clinician can virtually dictate the site and type of action... 
and instead of treating symptoms, he can interrupt the 
disease process itself! 


_ Now, A New Indication 
for Iransient Ischemic Attacks 
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Changes in Blood Flow and S-T Segment During 
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Myocardial blood flow and S-T segment measurements were made before 
and during occlusion of the left anterior descending coronary artery in 
chronically denervated and sham-denervated canine hearts. At similar 
heart rates, blood pressures and levels of work, left ventricular endocardial 
and epicardial blood flow values, as measured by radiolabeled micro- 
spheres, were significantly lower in denervated hearts than in sham- 
denervated control hearts. These results suggest that long-term cardiac 
denervation lowers metabolic demands of the left ventricle as reflected 
by decreased blood flow to the denervated left ventricle. Under the same 
conditions, blood flow measured in the right ventricle of denervated and 
sham-denervated hearts did not show any significant differences. Thus, 
it is possible that under normal circumstances the neural input to the right 
ventricle may be less than that to the left ventricle and may play a lesser 
role in controlling right ventricular tissue metabolic demands. 

During occlusion of the left anterior descending coronary artery, local 
epicardial and endocardial S-T segment elevation, measured by epicardial 
plaque and endocardial plunge electrodes, was less in denervated hearts 
than in sham-denervated hearts in areas of severely reduced blood flow 
(30 ml/min per 100 g or less). Also during occlusion the denervated hearts 
exhibited fewer arrhythmias than did the sham-denervated control hearts. 
The lower local S-T segment elevation found in the denervated hearts was 
not due to marked differences in blood flow between the areas sampled 
in the denervated and sham-denervated hearts. This decreased incidence 
of arrhythmia combined with less evidence of altered electrical activity 
suggests that denervation affords protection during coronary occlu- 
sion. 


Recent studies have demonstrated that acute coronary occlusion after 
chronic cardiac denervation results in less insult to the region of reduced 
blood flow than is seen in normally innervated hearts. Loss of contractile 
force in an ischemic area was found to be less in the denervated heart 
than in the acutely denervated or sham-denervated heart.! In studies 
in which infarct size was determined,” chronically denervated dog hearts 
had infarcts approximately 80 percent smaller than those of similarly 
prepared sham-denervated hearts, whereas in acutely denervated hearts 
infarct size was reduced by only 25 percent. In other studies,?^ cardiac 
denervation decreased the incidence of arrhythmia and increased sur- 
vivability during prolonged occlusion of the left anterior descending 
coronary artery. 

This study was performed to evaluate the protective effect of chronic 
cardiac denervation during coronary occlusion. We examined regional 
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myocardial blood flow within the distribution of the left 
anterior descending coronary artery as well as in other 
areas of the left and right ventricles before and during 
occlusion of the left anterior descending coronary artery 
in denervated and nondenervated hearts. To evaluate 
ischemic damage, we measured changes in the S-T 
segment with unipolar electrodes during the occlu- 
sion. 


Methods 


Mongrel dogs of either sex weighing 15 to 25 kg were anes- 
thetized with sodium pentobarbital (30 mg/kg body weight 
intravenously) and separated into two groups. In one group 
of 12 dogs the heart was chronically denervated by intraper- 
icardial nerve transection; a second group of 12 dogs served 
as a sham-denervated control group. 

Chronic cardiac denervation: Anesthetized animals were 
artificially ventilated and the chest was opened, using sterile 
technique, through the fourth left intercostal space. The left 
stellate ganglion, right stellate ganglion, left thoracic vagus 
and right thoracic vagus were isolated from surrounding tissue 
and a loose silk ligature was placed around each for identifi- 
cation purposes. Stimulation of each nerve was accomplished 
using a bipolar electrode and a Grass S9 stimulator, which 
delivered square wave pulses of 5 ms duration and 7 to 8 volts 
at a rate of 10 (stellates) or 20 (vagi) pulses/s. Changes in heart 
rate and lead II electrocardiographic configuration were re- 
corded on a Grass polygraph before, during and after each 
stimulation. 

After control nerve stimulations, the pericardium was 
opened and a cradle formed. The procedure described by 
Randall et al. was used to perform total intrapericardial 
cardiac denervation. The ventrolateral cardiac nerve was 
sectioned and the superior borders of the left and right atria 
were cleared of tissue. The adventitia was removed from the 
complete circumferences of the left superior pulmonary vein, 
main pulmonary artery and superior vena cava. The azygos 
vein was ligated and transected at its point of entrance into 
the superior vena cava. After denervation, nerve stimulations 
were repeated. Total absence of heart rate and electrocar- 
diographic changes verified completeness of denervation. The 
sham-denervated control animals underwent surgical ma- 
nipulations similar to those in the denervated group, but no 
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nerves were transected. The chest of each dog was closed in 
layers and negative pressure breathing reestablished. All 
animals were treated with antibiotic drugs and allowed to 
recover for 2 to 4 weeks. 

Acute experimental procedures: At the time of the acute 
experiment, the dogs were reanesthetized with sodium pen- 
tobarbital, intubated and placed on positive pressure venti- 
lation. Polyethylene catheters were positioned in the femoral 
vein and in both femoral arteries. Arterial blood pressure was 
continuously monitored with use of one arterial catheter; the 
other arterial catheter served as a source of blood withdrawal 
during radioactive microsphere injections. Supplemental 
doses of anesthetic agent and doses of the muscle-blocking 
agent, decamethonium, were administered as needed through 
the venous catheter. The previous incision was opened, the 
nerves isolated and a pericardial cradle formed. Walton- 
Brodie strain gauge arches were sewn to the left and right 
ventricles of each heart. Changes in heart rate, contractile 
force and the lead II electrocardiogram were examined in all 
hearts (1) during direct stimulation of each individual rierve 
at the same (supramaximal) stimulus variables previously 
described, and (2) after injection of small doses of the en- 
dogenous catecholamine-releasing agent, tyramine (0.04 
mg/kg intravenously). When no changes were seen during 
these procedures, the heart was considered to be totally de- 
nervated. Animals with sham-denervated hearts demon- 
strated normal responses to nerve stimulation and tyramine 
injections. 

The strain gauges were then removed and a catheter was 
placed in the left atrium for injection of the radiolabeled mi- 
crospheres. A bipolar electrode was sewn to the right atrium 
and all hearts were paced at 150 beats/min. In sham-dener- 
vated animals in which the heart rate was higher than 150 
beats/min, the heart was gently retracted and the sinoatrial- 
nodal region exposed. The nodal region was crushed and 
pacing initiated. The left anterior descending coronary artery 
was dissected free above its second diagonal branch and a silk 
ligature placed around it. Both ends of the ligature were 
passed through a piece of polyethylene tubing, forming a snare 
that was used to occlude the artery. 

Electrocardiography: In each animal six to eight 
transmurally paired unipolar electrodes were positioned as 
shown in Figure 1. Epicardial plaque electrodes were secured 
to the surface of the heart using polycyanoacrylate ester 


FIGURE 1. Left, the left side of the dog's heart with 
the electrodes (9), left atrial (LA) catheter and 
snare occluder in place. At the end of each ex- 
periment a grid similar to the one shown here was 
removed and prepared as described in the text. 
Right, transverse section of the left ventricle 
demonstrating position of the epicardial plaque 
and endocardial plunge electrodes that constitute- 
an "electrode pair." AO = aorta; CIRC = cir- 
cumflex coronary artery; LAD = left anterior de- 
scending coronary artery; LV = left ventricle; PA 
= pulmonary artery; RV = right ventricle. 


(Eastman 910) and endocardial plunge electrodes positioned 
directly beneath each plaque. The leads of each electrode pair 
were connected to a selector box, which allowed rapid indi- 
vidual sampling of all sites. The epicardial and endocardial 
electrograms were amplified with an alternating current 
preamplifier (time constant 0.1 second) and displayed on a 
Grass polygraph at a calibrated sensitivity of 5 mV /cm and 
a paper speed of 100 mm/s. 

Coronary occlusion and measurement of myocardial 
ischemia: Forty-five seconds before the injection of a well 
mixed species of microspheres (strontium-85 or scandium-141; 
15 + 2 um), withdrawal of a reference blood sample was begun. 
Microspheres were injected and control S-T segment mea- 
surements made. Immediately upon completion of control 
measurements, the left anterior descending coronary artery 
was abruptly occluded. Fifteen minutes later, the second 
microsphere species was injected and S-T segment measure- 
ments were repeated. After the second injection, the heart was 
electrically fibrillated, removed from the chest with the 
electrode pairs still in place, rinsed in cold tap water and 
placed overnight in 20 percent buffered formalin solution. 
After fixation, small transmural tissue samples (less than 0.20 
g) containing the electrode pairs were isolated from the sur- 
rounding myocardium, separated into endocardial and epi- 
cardial sections, placed in plastic tubes and counted on a 
Searle 1185 Automatic Gamma counter. The blood samples 
obtained during the withdrawals were also counted. In each 
heart the remaining tissue within the distribution of the left 
anterior descending coronary artery and its diagonal branches 
was carefully examined on the surface of the left ventricle and 
divided into a grid composed of 16 areas (Fig. 1). Each area 
was subdivided into samples weighing approximately 0.5 g and 
prepared as described earlier. Samples of the myocardium 
from several sites in the right ventricle and from various re- 
gions of the left ventricle perfused by arteries other than the 
left anterior descending coronary artery were also removed, 
divided into endocardial and epicardial portions and counted. 
Isotope to isotope interferences were calculated and the ra- 
dioactive counts entered into a PDP-12 computer, in which 
radioactivity was converted to blood flow values using stan- 
dard equations incorporated into a computer program de- 
veloped in this laboratory." 

Statistical analysis: All data values were expressed as 
mean values + standard error of the mean. The statistical 
significance of differences was determined using the appro- 


TABLE | 


Hemodynamic Data Before and After 15 Minutes of 
Occlusion of the Left Anterior Descending Coronary Artery 
(mean + standard error of the mean) 


Control* X Denervated* 





Aortic blood pressure (mm Hg) 


Before occlusion 118 4 115 +6 
After occlusion 110 4 112 £5 
Peak systolic aortic pressure (mm Hg) 
Before occlusion 14545 144-6 
After occlusion 138 + 4 1416 
Double product (mm Hg)! 
Before occlusion 21,700 + 21,500 + 
740 900 
* After occlusion 20,700 + 21,100 + 
590 870 


* All statistical comparisons of control versus denervated hearts and 
values before and after coronary occlusion yielded a probability (p) value 
of p >0.05. 

Heart rate X peak systolic aortic pressure. 
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priate Student's t test for paired or unpaired data. Signifi- 
cance was established at the confidence (a) level of a = 
0.05. 


Results 


Of the 12 dogs whose hearts were surgically dener- 
vated, 2 were excluded from the study because of in- 
complete denervation. T'wo of the 12 sham-denervated 
dogs died with ventricular fibrillation during occlusion 
of the left anterior descending coronary artery and were 
excluded from the study. None of the denervated dogs 
had fibrillation during coronary occlusion. 

Hemodynamics: During pacing (150 beats/min), 
aortic blood pressure in the denervated group did not 
differ from that in the sham-denervated group either 
before or during coronary occlusion (Table I). The 
double product, used as an index of cardiac work (heart 
rate X peak systolic pressure), did not differ signifi- 
cantly between the two groups (Table I). 

Right and left ventricular blood flows: Figure 2 
shows left and right ventricular blood flow values for the 
two groups before coronary occlusion. In denervated 
hearts left ventricular endocardial (p «0.05) and epi- 
cardial (p «0.01) blood flows were significantly lower 
than those in sham-denervated hearts. Blood flow in the 
endocardium and epicardium of the right ventricle of 
the denervated group was not significantly different (p 
70.05) from that in the sham-denervated control group. 
Denervation did not change the endocardial/epicardial 
blood flow ratios significantly in either ventricle. 

S-T segment elevation versus myocardial blood 
flow: The tissue samples in which both blood flow and 
S-T segment were measured at 15 minutes of occlusion 
were divided into three groups: (1) a zone of drastically 
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FIGURE 2. Regional myocardial blood flow in the denervated and 
sham-denervated ventricles prior to complete occlusion of the left 
anterior descending coronary artery. Tissue samples from the right 
ventricle were taken from the regions of the apex, free wall and outflow 
tracts. Control left ventricular (LV) blood flow values were determined 
from tissue samples perfused by the left anterior descending, circumflex 
and posterior descending coronary arteries as well as from tissue from 
the septum. In all animals comparable regions were sampled. endo — 
endocardial; epi — epicardial. 
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FIGURE 3. Local epicardial (top) and endocardial (bottom) S-T seg- 
ment changes compared with the regional myocardial blood flow 
present at these sites. Blood flow ranges (0 to 30, 31 to 70 and 7 1 and 
above) are expressed in ml/min per 100 g and coincide with zones 1, 
2 and 3, respectively. All S-T segment values are expressed as changes 
from the control value (before occlusion) and were measured at the J 
point of the electrocardiogram. ns — not statistically significant. 


reduced blood flow (0 to 30 ml/min per 100 g); (2) a zone 
of moderately reduced blood flow (31 to 70 ml/min per 
100 g); and (3) a zone of relatively normal blood flow 
(greater than 70 ml/min per 100 g). Figure 3 shows the 
mean + standard error of the mean for the S- T segment 
elevations for the epicardial and endocardial tissue sites 
in each blood flow group. There was no significant dif- 
ference in S- T segment elevation between the dener- 
vated and sham-denervated hearts in zones 2 or 3. In the 
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FIGURE 4. Mean blood flow for all S-T segment sample sites in which 
myocardial blood flow was 30 ml/min per 100 g or less (see Fig. 3). 
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low flow region (zone 1) both epicardial and endocardial 
S-T segment elevation in the denervated sites was sig- 
nificantly less (p <0.05) than that in sham-denervated 
sites. Furthermore, the average blood flow values in the 
low flow zone were not significantly different in the two 
groups of animals either epicardially or endocardially 
(Fig. 4). 

Relative size of ischemic zone in the two groups: 
In all hearts a grid was removed that contained the left 
anterior descending coronary artery and its diagonal 
branches as seen on the surface of the left ventricle (Fig. 
1). In both groups of dogs the average size of the left 
anterior descending coronary arterial grid was similar. 
In each heart a blood flow profile during occlusion of the 
left anterior descending coronary artery was con- 
structed. The grid was used to delineate the previously 
described blood flow zones, thereby permitting a profile 
to be made of the amount of tissue composing each zone. 
Each area of blood flow (that is, zone 1, zone 2 or zone 
3) was expressed as a percent of the total distribution 
of the left anterior descending coronary artery that was 
removed. These data (Fig. 5) demonstrate that dener- 
vation did not alter from control values the amount of 
tissue exhibiting severely reduced blood flow (30 ml/min 
per 100 g or less), even though there were differences in 
the other two zones. 


Discussion 


The protective effect of chronic cardiac denervation 
during ischemia has been the subject of previous in- 
vestigation. Ebert et al.? and Schaal et al.* reported a 
lesser incidence of arrhythmia and fibrillation during 
acute and chronic ligation of the left anterior descending 
coronary artery in hearts denervated by mediastinal 
neural ablation. These authors also reported that the 
animals with denervated hearts had an increased rate 
of survival after coronary occlusion. In both of these 
studies, infarct size, as assessed by gross visual inspec- 
tion, was not significantly altered by cardiac denerva- 
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FIGURE 5. Percent of the grid weight from the distribution of the left- 
anterior descending (LAD) coronary artery receiving blood flows of 0 
to 30, 31 to 70 or 71 or more ml/min per 100 g. Grid weights in both 
groups of animals were not significantly different (denervated 23.1 + 
2.3 g; control 23.1 + 1.3 g). ns = not statistically significant. 


tion. These results conflict with more recent evidence 
of protection reported by Jones et al.,? who determined 
infarct size with the nitroblue tetrazolium staining 
technique for dehydrogenase activity in myocardial 
tissue. Nitroblue tetrazolium staining is a far more 
sensitive technique for evaluating infarcted myocardial 
tissue and has recently been shown? to give infarct size 
values that correlate well with values obtained by 
careful histologic examination. Utilizing the same de- 
nervation technique used in our study, Jones et al.? 
showed a significantly smaller infarct size in the de- 
nervated heart after 6 hours of occlusion of the apical 
portion of the left anterior descending coronary artery 
than that found in the sham-denervated control 
hearts. 

Decreased myocardial blood flow and metabolic 
demand after cardiac denervation: Our studies 
demonstrate a reduction in left ventricular myocardial 
blood flow 2 weeks after intrapericardial cardiac de- 
nervation. Myocardial blood flow has been shown to be 
a sensitive indicator of cardiac metabolic demand? .!? 
and we interpreted this decreased regional blood flow 
in the left ventricle to reflect a decreased metabolic 
demand and probably lowered myocardial oxygen 
consumption levels. These results agree in part with 
those described by Gregg et al.!! in the conscious resting 
dog after mediastinal neural ablation. Our blood flow 
values also agreed with these reported by Jones et al.!? 
in the sympathectomized left ventricle but are contrary 
to values reported in the previous work of others.!?-1* 
'The discrepancies between the recent findings of Drake 
et al.!° and those of our study may be due to one or more 
of the following factors: First, our studies employed 
pentobarbital anesthesia, whereas Drake et al. utilized 
chloralose as the anesthetic agent. Chloralose has been 
described! as causing a general hyperreflexive condi- 
tion. This may cause an increase in circulating levels of 
catecholamines, and these elevated levels may have 
stimulated cardiac metabolic processes, thereby ele- 
vating myocardial blood flow levels and oxygen con- 
sumption. Secondly, in our study, completeness of de- 
nervation was thoroughly tested at the time of the acute 
experiment. The sympathetic and parasympathetic 
nerves were stimulated directly and myocardial con- 
tractile force was monitored during each stimulation. 
Any animal demonstrating changes in inotropic or 
chronotropic variables during nerve stimulation or ty- 
ramine testing was excluded from this study. In the 
study of Drake et al., changes in heart rate after atropine 
injection and startle reaction were used in conscious 
animals to verify denervation. Although these tests 
would verify sinoatrial nodal and possibly atrioven- 
tricular nodal denervation, they would not necessarily 
indicate the presence of complete ventricular dener- 
vation. 

Effect of denervation on right versus left ven- 
tricular blood flow: In our study denervation altered 
‘left ventricular blood flow yet had no effect on blood 
flow levels in the right ventricle. This finding is per- 
plexing because it has been shown that the right ven- 
tricle is very sensitive to direct nerve stimulation. 
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Ventricular contractility and conduction are both 
markedly altered during sympathetic nerve stimulation. 
Furthermore, the right ventricle has been shown to have 
catecholamine levels similar to those of the left ventri- 
cle.!5 We have no data to explain these findings, but it 
may be postulated that although the right ventricle is 
very sensitive to nerve stimulation, it may not be under 
as much “tone” as the left ventricle and consequently 
the metabolic requirements of the right ventricle (as 
reflected by myocardial blood flow) are not altered by 
removal of neural input. The right ventricle differs from 
the left ventricle in that it is a low pressure volume 
pump with lower basic metabolic demands!’ and this 
may account for the apparent lack of effect. 

Effect of denervation on ischemic S-T elevation: 
Maroko et al.?? found that the extent and severity of 
acute epicardial S- T segment changes during coronary 
occlusion were a good indicator of the ultimate tissue 
damage of the area. In our study, local epicardial and 
endocardial S- T segment changes were examined during 
coronary occlusion and utilized as an indicator of tissue 
damage. In areas of moderate and minimal flow reduc- 
tion during coronary occlusion, the level of S- T segment 
change was not altered with denervation. In areas of 
severe blood flow compromise (30 ml/min per 100 g or 
less) there was less evidence of epicardial or endocardial 
damage in the denervated heart. The significant dif- 
ference in S- T segment elevation in the zone with low 
blood flow could theoretically have been due to higher 
levels of blood flow in the sites comprising the dener- 
vated samples, but Figure 4 clearly demonstrates that 
this was not the case. T'he extent of injury in the de- 
hervated heart was less even at similar blood flow levels. 
The S- T segment data support observations made by 
Ebert et al., who, using lead II electrocardiographic 
analysis, noted less gross S- T segment abnormality in 
the denervated heart after occlusion; however, direct 
measurement of the S- T segment from the epicardial 
and endocardial surfaces of the heart is a much more 
sensitive method for assessing local tissue injury?? and 
allows a more accurate quantitative evaluation to be 
made than would be possible from a lead II electrocar- 
diogram. 

Effect of denervation on blood flow in ischemic 
area: During coronary occlusion, blood flow distribution 
to areas of low flow, as mapped by the grid shown in 
Figure 1, was not altered by denervation. Although the 
grid sizes varied from heart to heart, the average grid 
size for the two groups was not different. Although total 
left ventricular weight in each heart was not measured, 
recent evidence by O'Keefe et al.”! indicates that the left 
ventricular to total body weight ratio is quite constant 
in dogs not exhibiting left ventricular hypertrophy. 
Because there was no difference in the body weights of 
our two groups of dogs (18.3 + 0.7 kg in denervated dogs; 
19.6 + 1.1 kg in sham-denervated dogs) and no evidence 
of hypertrophy in these animals, we believe that these 
grids represent similar portions of myocardium in both 
groups. 

Schaper et al.9?? recently showed that normalization 
of infarct size with respect to the “area of perfusion" for 
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a given artery's distribution can result in very repro- 
ducible values. Although the techniques described by 
Schaper et al. were not utilized in our study to delineate 
the area of the grid removed, great care was taken in 
each heart to excise a very standardized sample of the 
myocardium. Furthermore, to minimize the variability 
in the amount of tissue perfused by the occluded artery 
in different animals, the ischemic area was quantitated 
as a percent of the grid weight. 

The lack of effect of denervation on the blood flow 
distribution during coronary occlusion appears to 
conflict with data reported by Jones et al.!? showing that 
the ischemic area of the sympathectomized left ventricle 
had significantly higher blood flow levels than those of 
the ischemic region in the control left ventricle. There 
are several differences between these two studies. Jones 
et al.!* utilized a model of apical left anterior descending 
coronary arterial occlusion that resulted in a very uni- 
form insult to all hearts. In contrast, our model of oc- 
clusion (above the second branch of the left anterior 
descending coronary artery) probably resulted in a 
larger, less uniform area of insult because of the nature 
of the higher occlusion. Also, in the study of Jones et al., 
dogs were subjected to ventricular sympathectomy, 
whereas the hearts of our animals were completely de- 
nervated. Furthermore, in our study the region of the 
septum perfused by the left anterior descending coro- 
nary artery was not included in our grid analysis, 
whereas Jones et al. did examine this region. Although 
we did not include the septum in our analysis, it is un- 
likely that denervation would selectively increase blood 
flow to areas of the septum perfused by the left anterior 


descending coronary artery and not to the areas per- 
fused in the left ventricular free wall. 

Implications: Marked protection of the denervated 
myocardium (evidenced by S-T segment elevation) 
during coronary occlusion was seen in our study in the 
absence of any measurable change in myocardial blood 
flow from the control nondenervated hearts. The sup- 
ply-demand relation, which is so critical in the heart,?? 
may be altered by denervation. At similar work levels 
the denervated heart had a lowered blood flow demand, 
which reflects less need for the vital substrates (such as 
oxygen) and an increased efficiency.9-1123 This possible 
increase in efficiency would support earlier measure- 
ments demonstrating decreased myocardial oxygen 
consumption levels in the denervated heart.!! The in- 
crease in collateral flow reported by Jones et al.? in the 
sympathectomized heart is interesting, but was not seen 
in our study. Because the area of reduced blood flow in 
our study is considerably larger than that in the study 
of Jones et al.,!? it is reasonable to presume that the 
collateral blood flow available to the ischemic area may 
be distributed over such a large mass of tissue that sig- 
nificant increases in flow to a given region are not seen. 
This notwithstanding, denervation in our study lessened 
myocardial injury as measured by S-T segment eleva- 
tion even without an increase in blood flow to the area 
of ischemia, thereby suggesting that protection is 
mediated by changes in metabolic demand. 
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The hemodynamic effects of scorpion venom (Leiurus quinquestriatus) 
and the mechanism of heart failure were investigated in two groups of 
anesthetized spontaneously breathing dogs. The effects of different ad- 
renergic and cholinergic blocking agents on the venom-induced hemo- 
dynamic changes were also evaluated. In one group the venom was given 
before autonomic nervous system blocking agents and in a second group 
propranolol, atropine, phentolamine and hexamethonium alone or in dif- 
ferent combinations were given before the venom. Complete autonomic 
nervous system blockade was induced in two animals to evaluate a 
possible direct myocardial effect of venom. 

The venom, a powerful arrhythmogenic agent stimulating the autonomic 
sympathetic nervous system and adrenals, induced dramatic hemody- 
namic increases in left ventricular systolic and diastolic pressures, pul- 
monary and systemic arterial pressures and left ventricular contractility. 
The hemodynamic data show clearly for the first time that pulmonary 
edema in severe scorpion envenomation is cardiac in origin, thus em- 
phasizing the importance of the abnormal left ventricular hemodynamics. 
Heart failure is most probably the result of the interaction of several 
mechanisms that include a catecholamine-induced decrease in left 
ventricular compliance and increased impedance to left ventricular 
emptying and cardiac arrhythmias, all of which may impede left ventricular 
filling. The combination of propranolol and phentolamine was the most 
effective blocking agent in reversing the venom-induced hemodynamic 
changes. However, atropine was effective only when the venom-induced 
cholinergic effects dominated the clinical picture. 


Human poisoning with scorpion venom is a frequent and sometimes fatal 
occurrence in tropical and subtropical countries.!-? The venom of the 
yellow scorpion Leiurus quinquestriatus? has been shown to produce 
in affected human beings pronounced cardiovascular effects charac- 
terized by hypertension, tachycardia, arrhythmias, electrocardiographic 
and enzymatic evidence of myocardial damage, heart failure and 
death.?59 Nevertheless, relatively few investigations have dealt with 
the complex cardiovascular??-!? and hemodynamic!! effects of the 
venom. 

Hypertension, increased myocardial contractility and arrhyth- 
mias—all characteristic effects of most scorpion venoms—have also been 
observed in a variety of experimental animals of various species.!?-!? 
These and other abnormalities closely resemble those observed after 
overdosage of epinephrine or norepinephrine.?? 'The cardiovascular 
manifestations have been attributed to increased circulating catechol- 
amines19.20-2? secondary to a direct stimulatory effect of the venom on 
the adrenals and on sympathetic nerve endings.!516.2?-?7 High levels of 
catecholamines have been reported???24 in many patients poisoned by 
this venom. Scorpion venom not only stimulates the adrenergic receptors, 
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but also activates the parasympathetic branch of the 
autonomic nervous system by releasing acetylcholine 
at postganglionic nerve endings.??? This dual activation 
has been demonstrated with most scorpion venoms by 
the common finding that atropine antagonizes their 
cardiovascular depressor effects and tends to protect 
against rhythm disturbances whereas propranolol 
blocks their pressor stimulatory effects.2:9 

The pathogenesis of left heart failure, pulmonary 
edema and death after a severe scorpion sting has re- 
ceived little attention; carefully designed hemodynamic 
studies in intact animals are almost nonexistent. Al- 
though we suggested in previous clinical studies? that 
severe myocardial damage was a result of scorpion 
venom-released pressor amines and was the cause of 
heart failure, this hypothesis was challenged by exper- 
imental electron microscopic studies22 that showed that 
the structural myocardial abnormalities were tran- 
sient.?? 

This study was designed to analyze systematically the 
hemodynamic effects of scorpion venom on the intact 
dog under controlled conditions, to elucidate the 
pathogenesis of the pulmonary edema and heart failure, 
and to evaluate the effects of sympathetic and para- 
sympathetic blockade on the hemodynamic abnor- 
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FIGURE 1. Electrocardiographic changes after scorpion venom. A, 
control recording (lead Il) before venom. B through F, continuous re- 
cording of lead Il. B, 60 to 90 seconds after intravenous administration 
of venom (0.07 mg/kg). Severe sinus bradycardia with junctional escape 
rhythm and a premature ventricular depolarization are recorded. There 
are no ventricular captures by the sinus impulses. C, an initial bout of 
ventricular tachycardia, followed by a pause and by a slow escape 
junctional rhythm (60 beats/min) with aberrant conduction. Tall peaked 
T waves are seen. D, frequent premature ventricular depolarizations 
and ventricular tachycardia interrupting some of the conducted sinus 
impulses. Nonconducted premature atrial depolarizations are seen after 
the first and third sinus beats. E, isorrhythmic atrioventricular (A-V) 
dissociation with aberrant conduction of the junctional escape rhythm. 
F, 2:1 A-V block is recorded at the end of strip. 
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malities. In this study we used scorpion venom obtained 


from Leiurus quinquestriatus, from the family of Bü- 
thidae.?.1? 


Methods 


Hemodynamic studies: The studies were carried out in two 
groups of heparinized mongrel dogs of both sexes, weighing 
19.5 to 30.4 kg. The animals were anesthetized with morphine 
and chloralose and allowed to breathe spontaneously. 

During each stage of the study the following measurements 
were recorded: lead II of the electrocardiogram, pulmonary 
and systemic arterial pressures, heart rate, cardiac output, first 
derivative of left ventricular pressure (maximal dP/dt), ar- 
terial pH, partial pressure of carbon dioxide (pCOs) and 
partial pressure of oxygen (pOs). Left ventricular pressure was 
recorded with a high fidelity Millar catheter-tip microma- 
nometer. Pressures were recorded with a direct writing eight 
channel Grass recorder. Blood gas measurements were made 
with an Astrup blood gas analyzer. The systemic resistance 
was derived by dividing the mean aortic pressure by the car- 
diac output and was expressed in arbitrary units (mm Hg/liter 
per min). Cardiac output was determined by the indicator- 
dilution method with right atrial indocyanine green dye in- 
jection and sampling of the abdominal aorta. Cardiac output 
was determined at 4 to 6 minute intervals and varied no more 
than 15 percent in paired determinations. The arterial pH was 
maintained between 7.30 and 7.40 by administration of so- 
dium bicarbonate as necessary. Vagal nerve stimulation in the 
neck was carried out with a Grass S8 stimulator. 

Protocol: Group A comprised six dogs to which scorpion 
venom was given before the blocking agents. The toxin-in- 
duced hemodynamic effects were treated with different 
combinations of autonomic nervous system blocking agents: 
atropine in one dog, phentolamine in another; propranolol was 
given to two dogs and evaluated before administration of at- 
ropine. Atropine was given to the fifth dog initially followed 
by phentolamine and propranolol, and venom was given to the 
sixth dog after bilateral adrenalectomy. 

Group B comprised eight dogs. In this group scorpion 
venom was given after the animals were pretreated with any 
of the following blocking agents: propranolol, 0.5 to 1.0 mg/kg 
body weight; atropine sulfate, 0.2 mg/kg; hexamethonium, 20 
mg/kg; and phentolamine, 10 to 15 mg as single bolus injec- 
tion. Three dogs received only hexamethonium before ad- 
ministration of venom; two dogs were given atropine and 
propranolol before and phentolamine after venom and one dog 
was given propranolol before venom and atropine and phen- 
tolamine after the effects of the toxin were recorded. Total 
autonomic blockade was used in two dogs. To evaluate a 
possible direct myocardial effect of scorpion venom, a com- 
plete autonomic nervous system blockade was induced with 
0.5 mg/kg of propranolol, 0.2 mg/ kg of atropine and a bolus 
injection of 10 mg of phentolamine. In an attempt to ensure 
complete blockade an additional 2 mg of atropine and 10 mg 
of phentolamine was infused during these experiments. 
Completeness of the blockade in a dog was tested serially with 
9 mg of vasoxyl, 12.5 mg of isoproterenol and stimulation of 
the vagus. 

Scorpion venom: Purified dry scorpion venom from Lei- 
urus quinquestriatus was dissolved in physiologic saline so- 
lution and kept refrigerated. Each milliliter of solution con- 
tained 1 mg of dry venom. The venom was injected through 
a catheter in the jugular vein in dosages varying from 0.04 to 
0.7 mg/kg in each experiment. This concentration of venom 
has produced striking hemodynamic effects in this prepara- 
tion.??? The animals were killed at the conclusion of the ex- 
periments. 


Results 


Group A: venom given before blocking agents: 
Scorpion venom is a powerful arrhythmogenic agent. 
All doses in the range given evoked arrhythmic re- 
sponses in the intact dog when administered before the 
blocking agents. 

The effects of venom on the heart rate and rhythm 
were variable depending on the predominant rhythm 
at the time of measurement. The common sequence of 
the electrocardiographic events was the appearance of 
premature ventricular depolarizations, either single or 
bigeminal, often from different foci in the initial 60 to 
90 seconds after injection of venom. These events were 
accompanied by sinus bradycardia, sinus arrest or dis- 
appearance of atrial electrical activity (Fig. 1); high 
degree atrioventricular (A-V) block, rapid junctional 
rhythm, A-V dissociation, atrial fibrillation and fre- 
quent short-lasting episodes of ventricular tachycardia 
were also observed (Fig. 1). 

These initial changes in rhythm were recorded before 
the full hemodynamic effects of the venom were es- 
tablished. The complex arrhythmias did not allow the 
separation of either a primary bradycardic or tachy- 
cardic effect of the toxin during the peak hemodynamic 
changes. Furthermore, these arrhythmias were short- 
lasting, changing rapidly from one arrhythmia to an- 
other; conduction disturbances interchanged frequently 
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FIGURE 2. Hemodynamic changes after administration of venom (0.05 
mg/kg) and propranolol (1 mg/kg). The maximal effects of venom on 
contractility, mean systemic arterial (AP) and pulmonary arterial (PAP) 
pressures and left ventricular end-diastolic pressure (LVEDP) are ob- 
'served in the initial 5 minutes. These effects were abolished with pro- 
. pranolol 32 minutes later. Cardiac output in this experiment was initially 
elevated despite arrhythmias, and depressed after propranolol. Systemic 
resistance (SR) was low and increased after propranolol. dp/dt — first 
derivative of left ventricular pressure; HR = heart rate; LVSP = left 
ventricular systolic pressure. 


MOVU TINA NZXZINSOLUNAZLLEWVZLLAU vi MAINE ING 0m Rt 


——— — —— —À 


with rapid or slow escape rhythms. Atropine abolished 
all the arrhythmias and conduction abnormalities, 
confirming the primary parasympathetic stimulatory 
effect of the venom. Propranolol displayed the same 
effects, restoring sinus rhythm with a slow heart rate. 
Neither hexamethonium or phentolamine was effective 
in preventing or abolishing the ventricular arrhythmias. 
However, in animals pretreated with hexamethonium, 
there was a definite increase in heart rate after venom 
was added, confirming the sympathetic stimulatory 
effect of the toxin. Pretreatment with atropine or pro- 
pranolol or complete autonomic blockade prevented 
these abnormalities except for a few premature ven- 
tricular depolarizations recorded for a short period. 
The peak hemodynamic effects were usually re- 
corded 4 minutes after injection of venom; in some ex- 
periments these changes were present by the 2nd min- 
ute (Fig. 2 to 4). The earliest effect observed in addition 
to changes in heart rate was the augmentation of myo- 
cardial contractility: There was an invariable increase 
in left ventricular maximal dP/dt. This increase corre- 
lated well with the presence of the cardiac arrhythmias. 
As mentioned previously, the effects of venom on heart 
rate were variable; in some dogs, the heart rate was in- 
creased, in others it decreased (Fig. 2-4). Further, the 
cardiac output also did not show a consistent pattern. 
Low output measurements, one half to one third of 
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FIGURE 3. Hemodynamic changes after administration of venom (0.07 
mg/kg) and atropine (0.2 mg/kg). The venom-induced hemodynamic 
changes recorded within the initial 5 minutes after injection of toxin 
tended to decline after 25 minutes. The effects on heart rate (HR) were 
variable, depending on the predominant rhythm at the time of mea- 
surement. This is also reflected, in part, in the measured cardiac output 
and calculated systemic resistance (SR). Atropine tends to intensify 
the pressor and contractile hemodynamic effects of the venom by 
eliminating the toxin's parasympathetic effect. Heart rate after atropine 
was 240 beats/min at 27, 30 and 36 minutes and was not plotted. Ab- 
breviations as in Figure 2. 
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control values, were obtained during the arrhythmias 
in the initial phases of some experiments; a delayed 
increase in output was usually seen. In other experi- 
ments the initial cardiac output was elevated despite the 
arrhythmias. This variability of cardiac output is also 
reflected in the calculated systemic vascular resistance 
(Fig. 2 to 4). However, despite low cardiac output, hy- 
potension before or after the strong inotropic effect of 
the venom was not observed even in the presence of the 
persistent brady-tachyarrhythmias. 

The systemic arterial pressure and left ventricular 
end-diastolic pressure were invariably elevated during 
peak venom effect. There was a concomitant increase 
in mean pulmonary arterial pressure, which was ele- 
vated well above pulmonary edema levels and reflected 
very accurately the left ventricular end-diastolic pres- 
sure in these experiments (Fig. 2 to 4) in the absence of 
blocking agents. The elevated systemic pressure, left 
ventricular end-diastolic pressure and maximal dP/dt 
persisted for the duration of the experiment with some 
depression between 20 and 30 minutes after injection 
of the venom. 

A small systolic pressure gradient between the left 
ventricle and the ascending aorta was recorded occa- 
sionally. The forceful and enhanced contraction may 
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FIGURE 4. Hemodynamic changes after administration of venom (0.08 
mg/kg) and sequential blockade with atropine (0.2 mg/kg), phento- 
lamine (5 mg) and propranolol (0.5 mg/kg). Atropine accentuates the 
sympathetic effects of the venom by eliminating cholinergic stimulation. 
These effects were temporarily attenuated by phentolamine. Mean 
systemic arterial (AP) and pulmonary arterial (PAP) pressures and left 
ventricular end-diastolic pressure (LVEDP) are lowered. The systemic 
resistance (SR) remained low. The hemodynamic abnormalities were 
completely abolished with propranolol. Abbreviations as in Figure 2. 
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have caused actual narrowing of the left ventricular 
outflow tract. Similar increases in left ventricular 
pressure, dP/dt, pulmonary arterial and systemic 
pressures and arrhythmias were observed after 0.07 
mg/kg of venom was given to a dog after bilateral ad- 
renalectomy. Accentuation of the gradient across the 
left ventricular outflow tract was also present. 

The blocking agents ina pharmacologic dosage acted 
differently on the venom-induced hemodynamic 
changes. Regitine alone affected the venom-induced 
changes for a short period. There was a reduction of 
systemic and left ventricular pressures with a concom- 
itant decrease in mean pulmonary arterial pressure and 
left ventricular end-diastolic pressure. Left ventricular 
dP/dt was not affected. Propranolol alone exhibited a 
marked depressive effect on contractility and systemic 
pressure after 32 minutes (Fig. 2). 

However, removal of the inhibitory parasympathetic 
effects of the venom with atropine (Fig. 3 and 4) un- 
masked the total stimulatory effects of the venom. The 
left ventricular end diastolic pressure and mean pul- 
monary arterial pressure were reduced for a short period 
(Fig. 3) and later returned to former levels. At this stage, 
the addition of phentolamine and propranolol reversed 
toward normal the left ventricular systolic pressure, the 
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FIGURE 5. Hemodynamic changes after pretreatment with hexame- 
thonium (20 mg/kg). Scorpion venom was given in a dose of 0.06 
mg/kg. Ganglionic blockade with hexamethonium was tested with a 
Grass stimulator before venom was administered. The hemodynamic 
changes observed were similar to those during the control period. The 
hexamethonium blockade was ineffective in preventing the scorpion . 
venom-induced changes in systemic resistance (SR), left ventricular 
systolic (LVSP) and end-diastolic (LVEDP) pressures, left ventricular 
dp/dt, and pulmonary arterial pressure (PAP). The heart rate (HR) was 
increased after venom. Abbreviations as in Figure 2. 


pulmonary arterial and systemic pressures and left 
ventricular maximal dP/dt. The heart rate was slowed, 
the left ventricular end-diastolic pressure was greater 
than control values but within normal limits (for ex- 
ample, 10 mm Hg [Fig. 4]). 

Group B: venom given after pretreatment with 
adrenergic blocking agents: Pretreatment of the 
animals with different combinations of pharmacologic 
blocking agents did not prevent the venom-induced 
hemodynamic abnormalities (Fig. 5 and 6). Hexame- 
thonium was totally ineffective in preventing the effects 
of the venom. Left ventricular systolic and end-diastolic 
pressures were elevated and these findings were ac- 
companied by a prominent increase in dP/dt and sys- 
temic and pulmonary arterial pressures (Fig. 5). Atro- 
pine in combination with propranolol (Fig. 6) could not 
prevent or attenuate the venom-induced changes; the 
left ventricular end-systolic and end-diastolic pressures 
and maximal dP/dt were elevated to the same degree 
as in those experiments without pharmacologic para- 
sympathetic and beta adrenergic blockade. However, 
the addition of phentolamine 20 minutes after injection 
of the toxin returned the abnormal hemodynamics 
toward normal (Fig. 6). 

Similarly, complete autonomic (sympathetic and 
parasympathetic) blockade (Fig. 7) was not effective 
in preventing the effects of venom on left ventricular 
systolic and end-diastolic pressures, left ventricular 
maximal dP/dt or systemic arterial and pulmonary ar- 
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FIGURE 6. Hemodynamic changes after pretreatment with atropine (0.2 
mg/kg) and propranolol (0.5 mg/kg) followed by intravenous adminis- 
tration of venom (0.06 mg/kg) and phentolamine (10 mg). Cholinergic 
and beta adrenergic blockade did not prevent the venom-induced he- 
modynamic changes. The abnormalities are somewhat attenuated by 
the 20th minute and abolished by phentolamine. Abbreviations as in 
Figure 2. 


terial pressures. The systemic resistance was also in- 
creased; however, a transient reduction of pressor 
stimulatory effects and attenuation of contractile force 
of the left ventricle occurred with the addition of 
phentolamine accompanied by an increase in cardiac 
output and a reduction in calculated systemic resis- 
tance. These findings emphasize the short-lasting effect 
of phentolamine as an alpha blocking agent and its in- 
ability to maintain prolonged sustained alpha receptor 
blockade and prevent the effects of venom on systemic 
arterial pressure. 

The blood gases monitored during each experiment 
reflected the hemodynamic effects of scorpion venom; 
a decrease in arterial oxygen tension and a steep rise in 
arterial pCO» were present about 5 minutes after in- 
jection of the toxin and always within 16 minutes. Pre- 
treatment with different blocking agents in the second 
group of dogs did not prevent the blood gas changes. All 
these abnormalities of the blood gases were attributed 
to pulmonary edema. The hypoxia was corrected by 
oxygen administration. No attempt was made to correct 
the hypercapnia because the animals were allowed to 
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FIGURE 7. Hemodynamic changes after complete autonomic nervous 
system blockade with atropine (0.2 mg/kg), propranolol (0.5 mg/kg) 
and intravenous phentolamine (10 mg). The venom dose was 0.07 
mg/kg. Blockade was tested with isoproterenol, vasoxyl and vagal 
stimulation. The hemodynamic findings during testing are similar to 
those during control. The expected effects of venom were unaffected 
by total blockade except for rhythm. An additional 10 mg of phento- 
lamine caused a definite attenuation of the venom-induced hemody- 
namic changes on dP/dt, systemic resistance, and left ventricular and 
pulmonary artery pressures. Abbreviations as in Figure 2. 
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breathe spontaneously. Acidosis was corrected when 
needed. However, near the end of each experiment bi- 
carbonate was not effective. The lungs showed different 
degrees of hemorrhagic pulmonary edema. 


Discussion 


Mechanism of cardiovascular effects of scorpion 
venom: 'T'he poison of various species of scorpions dif- 
fers in chemical structure and physiologic effects.2.13 
The toxicity of the sting varies with the size, age and 
state of nutrition of the scorpion as well as climatic 
conditions. The clinical picture is characterized by se- 
vere hypertension, heart failure manifested by pulmo- 
nary edema, electrocardiographic evidence of myocar- 
dial damage and arrhythmias that bear a close resem- 
blance to the effects of a sudden massive outpouring of 
catecholamines. 

Barsoum et al.* suggested that the majority of the 
clinical features are related to large amounts of “circu- 
lating adrenalin.” More recently, Patterson25 and other 
investigators!926303! attributed the hypertension, 
vasoconstriction and increased myocardial contractility 
to pressor amines released from nerve endings and 
adrenals. Moss et al.15?6 investigated both normal and 
adrenalectomized rats and demonstrated that scorpion 
venom (Leiurus) produced dramatic massive discharge 
of catecholamines into the blood, representing the ef- 
fects of sympathetic and adrenal discharge. 

Cheymol et al.,!4 in a study of Leiurus and other 
North African scorpions, confirmed the evidence of 
catecholamine release from sympathetic nerve endings 
and stimulation of the cardiac beta adrenergic receptors. 
Biochemical confirmation of increased circulating 
pressor amines also supports the clinical studies.9:23.24 
All these experimental studies dealt in major part with 
the mechanism of hypertension,!532 the inotropic 
myocardial effects and mechanism of cardiac arrhyth- 
mias.1?:334 The mechanism of heart failure and pul- 
monary edema has not been elucidated, notwith- 
standing the fact that heart failure and pulmonary 
edema are present in at least 25 percent of fatal human 
cases.5:35 

Pathologic myocardial changes: The reported 
pathologic abnormalities in the fatal cases and the 
morphologic myocardial changes observed in experi- 
mental pathologic studies bear close resemblance to the 
conditions induced by large doses of catechol- 
amines.?5.1920 In these studies heart failure was at- 
tributed to the myocardial damage and the pulmonary 
capillary permeability due to pressor amines.396 How- 
ever, Yarom et al.?? showed that smaller doses of venom 
introduced directly into a coronary artery, while causing 
a positive inotropic effect, failed to produce ultra- 
structural myocardial changes. Moreover in recent 
studies, Yarom et al.,?? using rats perfused with various 
doses of crude Leiurus venom, showed that ultrastruc- 
tural changes were transient and that some recovery 
occurred while venom was still being administered. The 
electrocardiographic changes resembling a pattern of 
myocardial infarction were also reversible.9.22 
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Pathogenesis of heart failure and pulmonary 
edema: This study was undertaken to elucidate some 
of the mechanisms involved in venom-induced heart 
failure and pulmonary edema. Detailed cardiac hemo- 
dynamic assessment of severe scorpion sting in human 
beings or experimental studies in animals have not been 
reported. The venom released from Leiurus quinques- 
triatus, in addition to being a potent arrhythmogenic 
agent,??94^ in our experiments increased the left ven- 
tricular contractility, systemic arterial pressure and 
resistance, and left ventricular end-diastolic and pul- 
monary arterial pressures. Cardiac output was reduced 
significantly in most experiments in which end-diastolic 
pressure and contractility were increased. However, this 
is an unusual presentation of left heart failure, not un- 
like that seen in some cases of idiopathic hypertrophic 
subaortic stenosis, and is best explained by impedance 
to left ventricular inflow (decreased preload) secondary 
to catecholamine release, which was also responsible for 
the increased contractility. In addition, the elevated left 
ventricular end-diastolic pressure in the presence of 
increased contractility in our study could be attributed 
in part to a catecholamine-induced decrease in left 
ventricular compliance.?? Therefore, our observations 
suggest that several hemodynamic factors should be 
considered in the pathogenesis of heart failure and 
pulmonary edema in severe scorpion envenomation: (1) 
a sudden decrease in compliance of the left ventricle 
resulting in severe impairment in left ventricular dia- 
stolic filling; (2) a sudden extreme increase in systemic 
pressure due to release of alpha-stimulating amines, 
with consequent impairment of left ventricular 
emptying; and (3) the additive hemodynamic effects of 
the brady-tachyarrhythmia that would contribute to the 
impairment of left ventricular filling. 

Myocardial factors contributing to heart failure: 
The importance of these mechanical hemodynamic 
factors should not overshadow the importance of the 
myocardial component in the mechanism of heart fail- 
ure. The clinical, laboratory, electrocardiographic and 
pathologic data are consistent with involvement of the 
myocardium in the effects of scorpion venom. 3822.25 In 
previous studies Gueron et al.? and other investigators?? 
suggested that the venom has a direct myocardial effect, 
in addition to stimulating the autonomic nervous sys- 
tem with resultant effects on the cardiovascular system. 
This hypothesis was supported by the studies of Fayet 
et al.,38 who reported that scorpion toxin stimulates 
cultured cardiac cells. Because these cultured cells are 
considered nerve-free, the stimulatory effect is direct 
and not mediated by adrenergic hormones. Further, 
Grupp et al.?? have also shown that venom affects the 
myocardial cells directly and the effect is probably an 
augmentation of a calcium mechanism’? or mechanisms 
involved in cardiac contraction. Therefore, heart failure 
and pulmonary edema are probably the end result of a 
complex mechanism: (1) the mechanical hemodynamic 
effects induced by the massive outpouring of pressor 
amines on systemic pressure, left ventricular compliance 
and cardiac rhythm, and (2) myocardial damage, as 


4" 


evidenced by cardiomegaly, fleeting gallop sounds, 
murmurs and transient electrocardiographic changes??? 
induced both by the direct action of the venom and 
secondarily by catecholamine release. 

Effects of autonomic blockade: The effects of the 
autonomic blocking agents in the present set of exper- 
iments emphasize the importance of pressor amines in 
the pathogenesis of pulmonary edema in severe scorpion 
sting. A combination of propranolol and phentolamine 
was most effective in reversing the venom-induced he- 
modynamic changes. Similar beneficial results have 
been reported in a patient.*! Propranolol in pretreated 
animals did not prevent the effects of the venom on left 
ventricular pressures and maximal dP/dt. This finding 
implies the importance of unopposed alpha adrenergic 
effects of the venom and circulating adrenal catechol- 
amines. 

Atropine eliminated the cholinergic depressor and 
arrhythmogenic effects of scorpion venom and it also 
potentiated the stimulatory sympathetic release (Fig. 
3 and 4). After atropine there was a decrease in left 
ventricular end-diastolic and mean pulmonary arterial 
pressures (Fig. 4). These levels remained normal in some 
experiments and returned to preatropine levels in 
others. There was no clear explanation for this phe- 
nomenon. The possibility of a relation between these 
findings and the increase in cardiac output with a de- 
crease in calculated systemic resistance was considered. 
Hexamethonium, by blocking the cholinergic stimula- 
tion through a different mechanism,*? did not prevent 
the hypertension or the other hemodynamic abnor- 
malities. 

Total autonomic blockade before venom did not 
prevent the venom-induced hemodynamic changes. 
Several theoretical possibilities were entertained in light 
of the fact that propranolol and phentolamine given 
after venom were effective in abolishing the hemody- 
namic abnormalities: (1) The venom may have had a 
direct effect on the peripheral vascular smooth mus- 
culature? in addition to its direct myocardial effect, as 
previously suggested??: and (2) autonomic blockade may 
not have been complete because of the short-lasting 
effects of phentolamine. If so, the venom effects on 
alpha receptors were not blocked. At this stage addi- 
tional phentolamine attenuated the abnormal hemo- 
dynamics (Fig. 6). However, this effect of phentolamine 
would not differentiate a direct effect of venom on pe- 
ripheral vascular smooth musculature from its effect on 
release of adrenal catecholamines.^? 

Cardiac arrhythmias: The heart rate response to 
venom suggests that the changes observed were not 
dose-dependent! but rather were related to the toxin’s 
adrenergic and cholinergic effects. The common im- 


mediate arrhythmias??343942 were sinus arrest or sinus 
bradycardia with different escape rhythms (for exam- 
ple, junctional rhythm), premature ventricular depo- 
larizations and ventricular tachycardia. A distinct 
separate bradycardic phase (sinus or A-V block) fol- 
lowed by a period of ectopic ventricular rhythms was not 
observed. Further, these arrhythmias were present 
before the full hemodynamic venom-induced effects. 
The brady-tachyarrhythmias were attributed, '^165^ as 
previously reported, to a dual mechanism: cholinergic 
effects combined with ventricular ectopic rhythms due 
to beta adrenergic stimulation. Both effects were 
present in the initial phases with the cholinergic effect 
probably dominating; this effect predominated also 
when the cardiac stimulatory sympathetic effect of the 
venom was abolished with propranolol. 

Hypotension: Hypotension has been a frequent ob- 
servation in clinical or experimental envenomation.'*® 
It may precede but most commonly follows the abnor- 
mal hemodynamic changes sometimes accompanied by 
severe bradycardia.29?4 Hypotension has been related 
to the depressive cholinergic effects of the venom! or to 
a subsequent catecholamine depletion phenomenon.?8 
Hypotension was not observed in the present experi- 
mental studies possibly because the dosage of venom 
was small in contrast to that in previously published 
studies.1.11.19,20 

Therapeutic implications: As a result of this and 
other studies!2-22,29.41 several clinical implications are 
relevant in the treatment of the hemodynamic conse- 
quences of scorpion venom: (1) The role of a specific 
antivenom serum is not known and, in view of the 
available experimental evidence,??2?? a specific anti- 
toxin serum would not be effective. (2) Similarly, the 
role of cardiotonics such as a digitalis or afterload re- 
duction drug other than phentolamine is not known. (3) 
Hexamethonium is ineffective. (4) Atropine is effec- 
tive-? only when the venom-induced cholinergic effects 
dominate; otherwise atropine may intensify the sym- 
pathetic effects. (5) The combination of propranolol and 
phentolamine is most effective in reversing the 
venom-induced hemodynamic changes,* especially 
with the sympathetic effects of scorpion venom domi- 
nating the clinical picture. (6) Supportive treatment 
aiming to correct the byproducts of abnormal gas ex- 
change and acidosis induced by the pulmonary edema 
is essential. 
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An antihypertensive 


Lopressor’ beta-blocking agent 


metoprolol tartrate 
Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
Sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting Circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician s advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not. 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
tion) d interval. (See Dosage and Administra- 
tion. 
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Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
Surgery is controversial. It should be noted. how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, €.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
lients with impaired hepatic or renal function 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
cia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs. there was no evidence of drug- 
Induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight incréase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
anc decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor should be used in pregnant women only 
when clearly needed 


Nursing Mothers: |t is not known whether this drug 
IS excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol 


Usage in Children: Safety and effectiveness in 
chilaren have not been established 


Adverse Reactions Most adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear 
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Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation. 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents. 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
Dances, hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
Slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics 


Cardiovascular: Intensification of AV block (see 
Contraindications) 


Hematologic: Agranulocytosis. nonthrombo- 
cytopenic purpura, thrombocytopenic purpura 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress 


Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease. 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added toa 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture 


How Supplied Tablets of 50 mg (capsule-shaped 
scored, light red, film-coated) and 100 mg 
(Capsule-shaped, scored, light blue. film-coated) 
are supplied in bottles of 100 and 1.000 and Unit 
Dose Packages of 100 


Store at controlled room temperature and protect 
from moisture 


Dispense in tight, light-resistant container (USP). 


667292 C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information 


References 

1. van Herwaarden CLA, Binkhorst RA, Fennis 
JFM, van't Laar A. Letter. Br Med J 1977 
(Apr. 16); 1(6067). 1029. 

2. Waal-Manning HJ. Drugs 1976; t1(Suppl. 1): 
121-126. 

3. Formgren H. Br J Clin Pharmacol 1976: 3. 
1007-1014. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


Geigy . 


hg 


METHODS 


PEE a o aial a a im DDR 


Diagnosis and Quantification of Aortic Stenosis With 
Pulsed Doppler Echocardiography 


JAMES B. YOUNG, MD, FACC 
MIGUEL A. QUINONES, MD, FACC 
ALAN D. WAGGONER, RDMS 
RICHARD R. MILLER, MD, FACC 


Houston, Texas 


From the Section of Cardiology, Department of 
Medicine, Baylor College of Medicine, and the 
Methodist Hospital, Houston, Texas. This work was 
supported in part by Research Grant 450-G0-7740, 
from the American Heart Association, Texas Af- 
filiate, Austin, Texas, and by Grant NHLBI HL- 
17269 from the National Heart, Lung, and Blood 
Vessel Research and Demonstration Center, 
Baylor College of Medicine, Houston, Texas. 
Manuscript received September 4, 1979; revised 
manuscript received December 10, 1979, ac- 
cepted December 12, 1979. 

Address for reprints: Miguel A. Quinones, MD, 
Section of Cardiology, MS #F 1001, The Methodist 
Hospital, 6516 Bertner Boulevard, Houston, Texas 
77030. 


The presence of disturbed or turbulent flow in the ascending aorta, as 
assessed with pulsed Doppler echocardiography, was correlated with the 
presence and severity of aortic stenosis in 95 patients: 18 normal subjects, 
18 with a normal aortic prosthesis and 59 with clinically suspected aortic 
stenosis who underwent hemodynamic studies. Turbulence was defined 
as a frequency dispersion greater than 1.5 cm on a time interval histo- 
graphic recording of the Doppler signal. Systolic turbulence was absent 
in all 18 normal subjects and present in the 59 patients with aortic stenosis. 
The patients were divided into a test group (Group I, 34 patients) and a 
prospective group (Group Il, 25 patients). Five graphic indexes were 
evaluated indicative of either duration or amplitude of turbulence, amount 
of frequency dispersion above and below the 0 frequency shift baseline 
or degree of distortion of the flow-curve" pattern of the analog signal. 
Chi square analysis of results in group | indicated significant (p <0.001) 
differences in the magnitude of each index between patients with an aortic 
valve area greater than 1.0 cm? (n = 12) and those with an area less than 
1.0 cm? (n = 22). When all five indexes were combined, 91 percent of 
patients with a valve area of less than 1.0 cm? had three or more indexes 
suggesting reduced valve area (positive score of 3 to 5), whereas 92 
percent of patients with an area greater than 1.0 cm? had two or fewer 
positive indexes (p <0.001). In Group II, 93 percent of patients with an 
aortic valve area of less than 1.0 cm? (n = 14) had a positive score of 3 
to 5 whereas 82 percent of patients with an area greater than 1.0 cm? (n 
= 11) had a score of 0 to 2 (p <0.001). 

The overall sensitivity of the technique (n — 59) in detecting valve areas 
of less than 1.0 cm? was 92 percent with a specificity of 87 percent; the 
predictive values for distinguishing areas less than from those greater than 
1.0 cm? were 92 and 87 percent, respectively. The technique could not 
be used to distinguish patients with a valve area of 0.7 cm? or less (n — 
27) from those with an area greater than 0.7 but less than 1.0 cm? (n — 
9). Turbulence was either absent or mild (0 to 2 positive scores) in the 
patients with an aortic prosthesis. The presence of either aortic insuffi- 
ciency (n = 17), increased age (65 years or older) (n — 20) or left ven- 
tricular dilatation or failure (n — 23) did not appear to alter the results 
significantly. Severity of aortic stenosis could not be assessed with M 
mode echocardiography in 30 of 59 patients (51 percent). 

Thus, pulsed Doppler echocardiography allows objective assessment 
of severity of aortic stenosis and may therefore be an excellent screening 
technique for detection of patients with an aortic valve area of less than 
1.0 cm?. 


Although patients with aortic valve stenosis generally present with 
characteristic clinical findings, on occasion the murmur of a stenotic 
aortic valve may simulate that of other valve lesions or other types of left 
ventricular outflow obstruction.!-? Moreover, physical examination and 
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other noninvasive methods have met with only variable 
success in estimating the severity of aortic stenosis. 
Noninvasive quantification of aortic stenosis is espe- 
cially difficult in the elderly,*? and in the presence of 
other valve lesions or left ventricular failure.7 

Pulsed Doppler echocardiography represents a recent 
development in the field of cardiac ultrasound by which 
the pattern of flow-velocity through cardiac chambers, 
valves and great vessels can be qualitatively evaluated. 
The technique has been most useful in differentiating 
normal smooth flow from disturbed or turbulent flow 
and, in the latter, in indicating the presence of valve 
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Duration of turbulence above baseline 
Duration of turbulence below baseline 


Duration of flow 


FIGURE 1. Example of pulsed 
D Doppler ascending aortic flow-ve- 
locity curves in a normal subject (A) 
PRO THETIC AV — and in patients with critical aortic 
mx AE stenosis (AS) (B) and mild aortic 
stenosis (C) and in a patient with a 
Oe Shp prosthetic aortic valve (AV) (D). The 
LOW AUS rS. transducer is placed in the supra- 
sternal notch and the sound wave 
‘directed into the ascending aorta 
(AO). A reference M mode echo- 
cardiogram of the aortic root ap- 
pears in the upper half of the strip 
chart recording with a line indicating 
the position of the sample volume 
(SV). An electrocardiogram appears 
at the center for timing purposes 
followed below by the time interval 
histogram (TIH), which provides a 
graphic display of the Doppler 
shifts. Note the presence of systolic 
turbulence (T) appearing as a wide 
dispersion of dots above and below 
the 0 baseline (see text for details). 
RPA = right pulmonary artery. 
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insufficiency and atrial or ventricular septal defects.9-14 
In this report the Doppler technique was used to eval- 
uate patients with clinical characteristics of aortic ste- 
nosis, all of whom subsequently underwent complete 
diagnostic cardiac catheterization. The findings in pa- 
tients with aortic stenosis were compared with those of 
normal subjects and of patients with a prosthetic aortic 
valve. The premise examined was that the presence of 
disturbed or turbulent flow distal to the aortic valve in 
the ascending aorta would allow detection and quanti- 
fication of aortic valve stenosis. The technique was 
found to be successful in identifying the presence of 


M-mode Echo 


Sample volume in 
ascending aorta 


Time Interval Histogram 


Maximal 

Amplitude of 

FIGURE 2. A, M mode echogram of the aortic 
root demonstrating dense, heavy echoes in the 
region of the aortic valve. B, pulsed Doppler 
echocardiogram from suprasternal notch in the 
same patient with the sample volume in the 
ascending aorta. Note the presence of systolic 
turbulence and the distortion of the analog 
curve. The last two cycles are diagrammatic 
representations of the measurements used in 
assessing severity of aortic stenosis (see text 
for details). EKG — electrocardiogram. 
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aortic stenosis and in distinguishing between aortic 


valves with areas greater or smaller than 1.0 cm?. 


Methods 


Pulsed Doppler echocardiography: The Doppler prin- 
ciple indicates that the frequency of a reflected sound wave 
is shifted when the reflecting target is in motion. Moving blood 
cells are capable of reflecting high frequency sound waves and, 
therefore, of producing a Doppler shift. A positive frequency 
shift indicates flow toward the sound waves, whereas a nega- 
tive shift represents flow away from the sound waves. The 
magnitude of the shift is related to both velocity of flow and 
angle of incidence between flow and sound (magnitude is 
greater at angles closer to either 0 or 180°). Smooth or laminar 
flow produces fairly uniform shifts in frequencies, whereas 
turbulent flow produces random shifts having both positive 
and negative frequency dispersion. 

The pulsed Doppler examinations are performed in our 
laboratory utilizing a commercially available instrument 
(Advanced Technology Laboratory, Bellevue, Washington) 
that generates a reference M mode echocardiogram as well as 
the pulsed Doppler information. The transducer used is a 3 
megahertz, 0.5 inch (1.27 cm) crystal focused at 5 cm that 
emits 1 ms ultrasonic bursts at a pulse repetition frequency 
of 3,500 to 10,000 bursts/s. A movable range gating system on 
the instrument allows for discrete sampling of Doppler shifts 
at any point within the pathway (2 to 15 cm) of the ultrasonic 
beam; thus, flow-velocity patterns may be obtained from lo- 
calized areas inside the cardiac chambers and great vessels. 
The magnitude and direction of the frequency shifts are dis- 
played on a graphic recording system utilizing a time interval 
histogram previously described.!? In addition, the use of an 
audio display with stereophonic speakers allows the operator 
to recognize immediately the presence of turbulent versus 
smooth flow. A Honeywell 1856 ultraviolet strip chart recorder 
simultaneously displays the reference M mode echocardio- 
gram, indicating location of the sample volume, the electro- 
cardiogram and the time interval histogram. An analog signal 
may also be introduced to average the frequency dispersal on 
the histogram (Fig. 1 and 2). 

The technique of examination consists of placing the 
transducer along the left sternal border, at the cardiac apex 
or at the suprasternal notch, and directing the sound wave into 
the cardiac chambers or great vessels. The compressed M 
mode echocardiogram is used as a reference and the sample 
volume is placed at different locations for evaluation of flow 
patterns. Appropriate setting of Doppler threshold and gain 
controls is required to obtain an optimal signal to noise 
ratio. 

Whenever possible, the sample volume should be placed 
within a cardiac chamber or vessel free flow contact with 
moving structures such as valves or walls. In addition, the 
angle between sound and flow should be as close to 0 as pos- 
sible for maximal amplification of the frequency shifts. For 
these reasons, in the present investigation the ascending aortic 
flow-velocity curve was used in evaluating the presence of 
aortic stenosis. The transducer was placed on the suprasternal 
notch and directed down into the chest at an angle of about 
15 to 30°. The sample volume was directed at various depths 
within the ascending aorta in search of abnormal systolic 
turbulence, defined on the time interval histogram as a wide 
frequency dispersion of more than 1.5 cm (absolute mea- 
surement). 

When turbulence was detected, the following measure- 
ments were made from the time interval histogram (Fig. 2): 
(1) total duration of turbulence expressed as the ratio of du- 
ration of turbulence to total duration of the systolic flow- 
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velocity curve (therefore, maximal duration of turbulence is 
1.0); (2) maximal amplitude of turbulence expressed in ab- 
solute millimeters; (3) the ratio of duration of turbulence 
above to duration below a baseline 0 frequency shift; (4) the 
ratio of turbulence amplitude above to amplitude below the 
baseline; and (5) a slope in mm/s of a line drawn from onset 
to peak systolic amplitude of the analog signal from the time 
interval histogram. This slope was used as an index of the 
degree of distortion in “flow” pattern induced by the presence 
of turbulence. Measurements were averaged from five con- 
secutive beats. The time interval histogram was analyzed 
without knowledge of hemodynamic data. 

Occasionally, normal-appearing flow-velocity patterns 
without significant turbulence were observed in certain areas 
inside the ascending aorta in patients with aortic stenosis; 
careful examination with positioning of the sample volume 
within all possible areas of the ascending aorta revealed the 
presence of significant turbulence in other locations (Fig. 3). 
This phenomenon probably represents the “jet stream" or 
“fire hose" effect known to occur in aortic stenosis.'® 

Study patients: The accuracy of pulsed Doppler echocar- 
diography in detecting aortic stenosis was evaluated in 95 
patients: 18 without cardiac murmurs and with a normal M 
mode echocardiogram including normal left ventricular di- 
mensions and aortic valve motion; 18 with a clinically normal 
aortic valve prosthesis of different types; and 59 patients with 
clinical suspicion of aortic valve stenosis, all of whom under- 
went diagnostic cardiac catheterization within 72 hours of the 
ultrasonic study. The patients with clinically suspected aortic 
stenosis (35 male and 24 female) ranged in age from 15 to 88 
years (mean 57.1); 20 of the 59 patients were 65 years or older. 









FIGURE 3. Left, example of a normal-appearing flow-velocity pattern 
with only minimal turbulence (T) inside the ascending aorta in a patient 
with critical aortic stenosis. Right, position of the sample volume (SV) 
within another area of the ascending aorta in the same patient reveals 
the presence of significant systolic turbulence compatible with an aortic 


valve area less than 1.0 cm? (see text for details). 
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Angiographic evidence of significant (luminal narrowing 
greater than 70 percent) coronary artery disease was present 
in 15 of the 59 patients. 

All patients underwent a complete M mode echocardio- 
graphic examination utilizing commercially available ultra- 
sonoscopes with strip chart recorders. Data obtained included 
standard indexes of diastolic and systolic left ventricular 
chamber size, shortening fraction, septal and posterior left 
ventricular wall thicknesses, aortic root and left atrial di- 
mensions, and a subjective evaluation of the intensity of the 
echoes from the aortic valve (1+ to 4+) as well as measure- 
ment of the aortic cusp separation. The results of the M mode 
examination were not available to the investigator at the time 
pulsed Doppler measurements were carried out. 

Diagnostic cardiac catheterization was performed in all 
99 patients utilizing standard techniques; cardiac output was 
measured by the Fick method and aortic valve area calculated 
by independent observers using Gorlin's equation. Moderate 
to severe aortic insufficiency was present in 17 patients with 
aortic stenosis. Aortic valve area in these patients was calcu- 
lated by utilizing angiographically quantified total left ven- 
tricular stroke volume. 

Statistical evaluation was carried out by Chi square anal- 
ysis. 


Results 


Doppler Findings 


Control group: Figure 1A illustrates an example of 
a normal pulsed Doppler flow-velocity curve in the as- 
cending aorta. During systole the curve displays a rapid 
positive upstroke, with minimal frequency dispersion 
at its peak, returning to baseline during diastole. The 
analog of the time interval histogram qualitatively re- 
sembles a true flow curve. This type of flow-velocity 
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FIGURE 4. Chi square analysis of duration of turbulence (DT), expressed 
as a fraction of systole, and maximal amplitude of turbulence (MAT), 
in millimeters, compared with aortic valve area in Group I. A significant 
(p < 0.001) separation between aortic valve areas greater than 1.0 cm? 
and less than 1.0 cm? is indicated by the crossing lines. The sensitivity 
of each measurement for the two hemodynamic groups is indicated on 
the appropriate quadrant. 


curve pattern was seen in all 18 patients with a normal 
aortic valve (control group). 

Patients with clinically suspected aortic stenosis: 
The 59 patients suspected of having aortic stenosis were 
separated into two groups: an initial test group con- 
sisting of 34 patients (Group I) and a subsequent pro- 
spective group of 25 patients (Group II). Both groups 
were similar in age and in male to female ratio. In Group 
I, 12 patients had an aortic valve area greater than 1.0 
cm?, whereas 22 patients had a valve area less than 1.0 
cm? (0.7 cm? or less in 18; more than 0.7 but less than 1.0 
cm? in 4). In Group II, the aortic valve area was greater 
than 1.0 cm? in 11 patients and less than 1.0 cm? in 14 
(0.7 cm? or less in 9 and more than 0.7 but less than 1.0 
cm? in 5). A reduced cardiac index (2.5 liters/min per M? 
or less) was observed in 19 of 59 patients (32 percent): 
12 (7 in Group I and 5 in Group II) had an aortic valve 
area 0.70 cm? or less; 1 (in Group II) had a valve area less 
than 0.70 but more than 1.0 cm?; and 6 (5 in Group I and 
1 in Group II) had an aortic valve area greater than 1.0 
cm^, 

All patients in Groups I and II exhibited some de- 
gree of systolic turbulence in the ascending aorta. 
However, marked differences were noted between pa- 
tients with a valve area greater than or less than 1.0 cm2. 
Figures 1B and 2 are examples of pulsed Doppler flow- 
velocity curves from the ascending aorta in patients with 
an aortic valve area less than 1.0 cm2. The normal pulse 
wave shape has been replaced by a wide band of fre- 
quency dispersion that distorts the analog of the time 
interval histogram and indicates the presence of tur- 
bulent flow. In contrast, the example in Figure 1C is 
taken from a patient with mild aortic stenosis in whom 
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FIGURE 5. Chi square analysis comparing the aortic valve areas in 
Group | with the ratio of turbulence duration above to turbulence duration 
below the zero baseline (DAB) and with the ratio of turbulence amplitude 
above to turbulence amplitude below the 0 baseline (AAB)..A significant 
(p <0.001) separation between aortic valve areas greater than and less 
than 1.0 cm? is indicated by the crossing lines; the percentage repre- 
sents the sensitivity of the measurements in each hemodynamic 


group. 
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a lesser degree of systolic turbulence is noted on the time 
interval histogram; the shape of the curve still resembles 
that of a flow-velocity curve. 

Figures 4 through 6 illustrate the results derived 
from analysis of the five specific indexes of severity of 
aortic stenosis. Each index correctly identified valve 
areas less or greater than 1.0 cm? to a highly significant 
degree (p «0.001). No single index appeared superior 
to the others (p >0.05). In contrast, none of the indexes 
could be used to differentiate accurately patients with 
an aortic valve area between 0.7 cm? and 1.0 cm? from 
those with a valve area less than 0.7 cm?. On the basis 
of this analysis, each index received a positive or nega- 
tive value as a predictor of a valve area greater or less 
than 1.0 cm?, respectively. The cut-off levels (positive 
versus negative) for each index are summarized in Table 
I. 

Figure 7 compares the number of positive indexes 
present (expressed as a positive score [that is, predictive 
of a valve area less than 1.0 cm?] ranging from 0 to 5) 
with the aortic valve areas in Group I (solid circles). 
Twenty of 22 patients (91 percent) with an aortic valve 
area less than 1.0 cm? had scores of 3 to 5, whereas 11 of 
12 patients (92 percent) with a valve area greater than 
1.0 cm? had scores of 0 to 2 (p «0.001). The predictive 
value of a score of 3 or more versus one of 2 or less for 
detecting a valve area less than 1.0 cm? versus one 
greater than 1.0 cm? was 95 percent and 85 percent, 
respectively. 

Further analyses were carried out in a prospective 
manner in patients in Group II. As indicated in Figure 
7 (open circles), 13 of 14 patients (93 percent) with an 
aortic valve area less than 1.0 cm? had positive scores 
of 3 to 5, whereas 9 of 11 patients (82 percent) with a 
valve area greater than 1.0 cm? had scores of 0 to 2 (p 
«0.001). The predictive values of the technique in the 
prospective group were therefore 87 percent and 90 
percent for detecting valve areas less than 1.0 and 
greater than 1.0 cm?, respectively. When all 59 patients 
constituting Groups I and II are combined, the sensi- 
tivity of the technique in detecting a valve area less than 
1.0 cm? is 92 percent; the specificity is 87 percent and 
the respective predictive value is 92 percent and 87 
percent for distinguishing areas less than 1.0 from those 


>250 [ 
200 
AnS 150 
(mm/sec) 
100 
50 





Lied ee 
«0.7 0.72-1.0 >1.0 
Aortic Valve Area (cm2) 


FIGURE 6. Comparison of the analog slope (AnS) with the aortic valve 
area in Group |. A significant (p <0.001) separation between aortic valve 
areas greater than and less than 1.0 cm? is indicated by the crossing 
lines; the percentage represents the sensitivity of the measurements 
in each hemodynamic group. 
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TABLE | 


Cut-off Levels in Quantification of Aortic Stenosis by Pulsed 
Doppler Echocardiography 


Positive * Negative * 
20.70 <0.70 
MAT (mm) 230 <30 
DAB ratio <2.00 = 2.00 
AAB ratio <2.00 = 2.00 
AnS (mm/s) <70 270 


* A positive value indicates greater likelihood of an aortic valve area 
less than 1.0 cm?, whereas a negative value indicates the opposite. 

AAB = ratio of turbulence amplitude above to amplitude below 0 
baseline; AnS = slope of the analog of the time interval histogram; DAB 
= ratio of turbulence duration above to duration below zero baseline; 
DT = duration of turbulence expressed as a fraction of systole; MAT 
= maximal amplitude of turbulence in mm. 


greater than 1.0 cm’. The diagnostic accuracy is there- 
fore 90 percent. The technique was unable to distinguish 
valve areas 0.70 cm? or less from those between 0.70 and 
1.0 cm?. 

Figure 8 compares positive scores with peak aortic 
valve gradients in all 59 patients. It is apparent that the 
majority (21 of 23; 91 percent) of patients with a gradi- 
ent of 50 mm Hg or greater had three or more positive 
scores. However, 15 patients with positive scores of 3 to 
5 had a gradient less than 50 mm Hg; 13 of these pa- 
tients had an aortic valve area less than 1.0 cm? (in 8 it 
was 0.7 cm? or less). 

Aortic insufficiency of moderate to severe degree was 
present in 17 of 59 patients (29 percent). Aortic valve 
area was greater than 1.0 cm? in nine patients (this was 
accurately assessed by the Doppler technique in eight 
patients [89 percent]) and it was less than 1.0 cm? in 
eight patients (the valve size was accurately gauged by 
the pulsed Doppler technique in seven [88 percent], all 
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FIGURE 7. Comparison of the number of severity indexes present 
(expressed as a positive score) with aortic valve area. Data from both 
the test group (Group |) and the prospective group (Group Il) are shown 
as solid and open circles, respectively. A significant (p <0.001) sep- 
aration between aortic valve areas greater than and less than 1.0 cm? 
is indicated by the crossing lines. The percentages indicate the sensi- 
tivity (for both Groups | and Il) of the score system in identifying both 
hemodynamic groups of aortic stenosis. 
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FIGURE 8. Comparison of positive scores to peak aortic valve gradients 
for all patients. A dashed line is placed at a peak aortic valve gradient 
of 50 mm Hg. The initial test group patients (Group |) are represented 
by solid circles and the prospective group (Group Il) by open circles 
(see text for details). 


of whom had a valve area greater than 0.70 but less than 
1.0 cm?). Thus, the presence of significant aortic in- 
sufficiency did not interfere with differentiation be- 
tween aortic valve areas greater or less than 1.0 cm? in 
15 of 17 patients. 

The previously described “jet stream" effect, which 
may result in a normal-appearing flow-velocity curve, 
was observed in 8 of 59 patients (14 percent), all of 
whom demonstrated other areas of turbulence within 
the ascending aorta and three or more positive severity 
indexes (Fig. 3); 6 of 8 had an aortic valve area 0.70 cm? 
or less, whereas two had a valve area greater than 0.70 
but less than 1.0 cm?. A reduced cardiac index (2.5 li- 
ters/min per m? or less) was present in 4 of the 8 pa- 
tients. 

Patients with aortic valve prosthesis (Fig. 1D): 
The ascending aortic flow-velocity curves in the patients 
with a normally functioning prosthetic aortic valve were 
essentially free of turbulence and demonstrated a pre- 
served flow pattern. When systolic turbulence was 
present, it was always of a mild degree with positive 
scores of 0 to 2. 


M Mode Echocardiographic Findings 


All 59 patients suspected of having aortic stenosis had 
echocardiographic evidence of valve thickening or cal- 
cification. The subjective degree of thickening (1 to 4+) 
in the group with an aortic valve area greater than 1.0 
cm? was similar to that of the group with a valve area 
less than 1.0 cm? (for valve area greater than 1.0 cm?: 1+ 
= 39 percent; 2+ = 30 percent; 3+ = 22 percent; 4+ = 


9 percent; for valve area less than 1.0 cm2: 1+ = 16 
percent; 2+ = 36 percent; 3+ = 39 percent; 4+ = 9 
percent). Likewise, the aortic cusp separation (mea- 
sured in 26 of 59 patients) could not be used to distin- 
guish accurately patients with a valve area greater than 
or less than 1.0 cm?. Aortic cusp separation averaged 
1.62 + 0.39 cm (SD) and 1.40 + 0.30 cm in patients with 
an aortic valve area greater than 1.0 and less than 1.0 
cm”, respectively (p >0.05). 

Measurements of left ventricular dimensions and 
wall thickness were not available in seven patients be- 
cause of suboptimal quality of the studies. Left ven- 
tricular dilatation (greater than 5.6 cm) or reduced 
shortening fraction (less than 0.28) or both, was present 
in 23 patients. Therefore, aortic valve gradient could not 
be predicted by assuming a normal stress constant’ in 
30 of 59 patients (51 percent) suspected of having aortic 
stenosis. 


Discussion 


The results of this investigation indicate an excellent 
correlation between turbulent flow in the ascending 
aorta and aortic valve stenosis. Moreover, pulsed Dop- 
pler echocardiography and use of the graphic time in- 
terval histogram described herein afford sufficient ob- 
jective quantification of the severity of aortic stenosis 
to differentiate accurately patients with an aortic valve 
area greater than 1.0 cm? from those with a valve area 
less than 1.0 cm2. 

Although previous investigators®!2 have reported on 
the presence of systolic turbulence in the ascending 
aorta or across the aortic valve orifice in patients with 
aortic stenosis, their reports have been qualitative and 
illustrative of small numbers of cases. A systematic 
study of the ability of pulsed Doppler echocardiography 
both to detect and to quantify aortic stenosis has been 
needed. Thus, the present investigation was carried out 
in a large group of patients with aortic stenosis as well 
as in normal control subjects and in patients with a 
normally functioning prosthetic aortic valve. Moreover, 
this study has been designed so that the findings in 
patients with confirmed aortic stenosis could be ana- 
lyzed retrospectively and those in patients with a clin- 
ical suspicion of aortic valve stenosis could be evaluated 
prospectively. 

Graphic indexes of ascending aortic flow tur- 
bulence and severity of aortic stenosis: In order to 
quantify objectively the severity of flow disturbance and 
to compare these findings with the hemodynamic se- 
verity of aortic stenosis, five graphic indexes were 
measured indicative of either duration or amplitude of 
turbulence, degree of frequency dispersion occurring 
below the 0 frequency shift baseline or distortion of flow 
pattern. Significant (p «0.001) differences were found 
in the magnitude of each of these measurements be- 
tween patients with an aortic valve area greater than 1.0 
cm? or less than 1.0 cm2. The sensitivity of each index 
in detecting both hemodynamic groups of patients with 
aortic stenosis ranged from 68 to 99 percent and no 
single index appeared distinctly superior to the others. 
However, when all indexes were combined, 92 percent 
of patients with an aortic valve area less than 1.0 cm? 
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had three or more indexes suggestive of reduced valve 
area, whereas 87 percent of all patients with a valve area 
greater than 1.0 cm? had only two or fewer indexes 
suggesting reduced valve area. The predictive values of 
this score system were therefore 92 and 87 percent for 
predicting a valve less than 1.0 and greater than 1.0 cm?, 
respectively. In addition, all patients with a prosthetic 
valve (of different types) that was functioning well had 
a mild degree of flow disturbance with two or fewer 
positive scores. These findings, therefore, suggest a 
clinically useful relation between the hemodynamic 
severity of aortic stenosis and the severity of flow dis- 
turbance in the ascending aorta as assessed by the time 
interval histogram. 

Possible limitations of technique: An aortic valve 
area between 0.7 and 1.0 cm?, although hemodynami- 
cally significant, is frequently not associated with severe 
symptoms and therefore is usually managed medically. 
In contrast, an aortic valve area less than 0.7 cm? is in 
a critical range frequently associated with symptoms 
and usually requires surgical correction. These two 
degrees of hemodynamically significant aortic stenosis 
could not be distinguished by our current Doppler 
technique because both were associated with similar 
severity of flow disturbance as assessed by the time in- 
terval histogram (Fig. 7). This finding is probably sec- 
ondary to present limitations in the technique used by 
the Doppler instrument in creating the time interval 
histogram (the zero-crossing technique) to differentiate 
accurately between two fine grades of already disturbed 
flow. In addition, the magnitude of turbulence observed 
distal to a stenotic aortic valve is related to flow across 
the valve as well as to reduction in valve area. In this 
regard, it is important to note that 12 of 27 patients (44 
percent) with a critical valve area (less than 0.7 cm?) had 
a reduced cardiac index (2.5 liters/min per m? or less) 
in contrast to 1 of 9 (11 percent) patients with a valve 
area of 0.7 to 1.0 cm?. Therefore, reduced flow in pa- 
tients with critical aortic stenosis may have also con- 
tributed to the difficulty encountered in using the 
Doppler technique to distinguish between these two 
subgroups of hemodynamically significant stenoses. 

However, despite these limitations, the degree of 
stenosis in 89 percent (24 of 27) and 63 percent (20 of 32) 
of patients with an aortic valve area less than 0.7 cm? 
and greater than 0.7 cm?, respectively, was accurately 
diagnosed by the score system developed during this 
investigation; the majority of false positive results (9 of 
12) were in patients with a valve area between 0.7 and 
1.0 cm?. In addition, the high specificity (87 percent) 
observed for valve areas greater than 1.0 cm? indicates 
that pulsed Doppler echocardiography may be of clin- 
ical value in screening patients with murmurs that 
suggest aortic valve stenosis, particularly when this 
technique is compared with the conventional M mode 
technique (see later). 

Correlation with aortic valve gradient: Compar- 
ison of the pulsed Doppler findings with peak aortic 
valve gradient revealed that 91 percent of patients with 
a gradient 50 mm Hg or more had three or more positive 
scores. However, 13 patients with three or more positive 
scores and an aortic valve area less than 1.0 cm? had a 
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gradient below 50 mm Hg; eight of these patients had 
an aortic valve area 0.70 cm? or less. As one might ex- 
pect, these patients had a depressed cardiac output 
resulting in a lower gradient despite significant aortic 
stenosis.” The pulsed Doppler echocardiographic result 
therefore correlated better with the aortic valve area 
than with the peak gradient. 

Causes of false positive and false negative results: 
Analysis of the three false positive results (estimated 
aortic valve area by Doppler technique less than 1.0 cm?, 
true valve area greater than 1.0 cm?) and the three false 
negative results (aortic valve area by Doppler technique 
greater than 1.0, true valve area less than 1.0 cm?) in- 
dicated the presence of moderate to severe aortic in- 
sufficiency in one third of the patients with false positive 
results and low cardiac index in two of the three with 
false negative results. Because the magnitude of tur- 
bulence in aortic stenosis is directly related to flow, it 
is possible that a high flow rate, as seen in aortic insuf- 
ficiency, through even a mildly narrowed aortic valve 
may at times produce turbulence sufficient to mimic a 
more severe degree of stenosis. Likewise, the magnitude 
of turbulence may be lessened by a low flow rate and 
thus suggest a milder degree of aortic stenosis in pa- 
tients with critical stenosis and reduced cardiac output. 
Four of the eight patients (50 percent) with areas of 
normally appearing flow-velocity curves within the 
ascending aorta and other areas of severe flow distur- 
bance (“jet stream" effect) had a low cardiac index; all 
four patients had critical aortic stenosis (0.7 cm or less). 
It is therefore possible that this phenomenon existed, 
but went unrecognized, in some of the patients with 
false negative findings. 

Comparison of Doppler and M mode echocar- 
diographic results: The contribution of pulsed Dop- 
pler echocardiography to the assessment of patients 
suspected of having aortic valve stenosis can be better 
appreciated when the results described earlier are 
compared with the information gained with M mode 
echocardiography alone. Thickening of the aortic valve 
on echocardiography was 100 percent sensitive but very 
nonspecific in detecting patients with hemodynamically 
significant aortic stenosis. The amplitude of cusp sep- 
aration also could not be used to distinguish between 
aortic valve areas greater than 1.0 and those less than 
1.0 cm2. Previous studies have likewise emphasized the 
limitations of the aortic valve echogram in assessing 
the hemodynamic significance of a sclerotic aortic 
valve.!? 

We, as well as others,?:19-?? have recently reported on 
the noninvasive estimation of the aortic valve gradient 
by measuring relative wall thickness (ratio of left ven- 
tricular thickness to dimension) and assuming a con- 
stant wall stress index. However, in 30 of 59 patients (51 
percent) in the present investigation, this was not pos- 
sible either because of suboptimal quality of the studies 
(7 patients) or because left ventricular dilatation or 
failure, or both (23 patients), precluded the use of a 
normal wall stress constant.??4 Therefore, in at least 
half of the patients studied, pulsed Doppler echocar- 
diography allowed assessment of severity of aortic ste- 
nosis not possible with M mode echocardiography. 
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Although our present investigation was limited to the 
evaluation of patients suspected of having aortic valve 
stenosis, one might expect the presence of similar pat- 
terns of disturbed flow in the ascending aorta in either 
fixed subvalvular or supravalvular stenosis. Addition- 
ally, previous reports have suggested that significant 
systolic turbulence may also be recorded through the 
left ventricular outflow tract in patients with subval- 
vular stenosis, a finding not observed in aortic valve 
stenosis.!? M mode echocardiography alone has proved 
to be very helpful in distinguishing between valvular 
and nonvalvular types of left ventricular outflow ob- 
struction.?5-27 

Clinical implications: Our data indicate that pulsed 
Doppler echocardiography is highly accurate both in 
detecting the presence of aortic stenosis and in distin- 


guishing between aortic valve areas smaller and greater 
than 1.0 cm?. The ability to quantify the severity of 
aortic stenosis by a noninvasive technique has special 
relevance in elderly patients and in patients with aortic 
insufficiency, conditions in which the usual clinical 
criteria of severity are notoriously difficult to assess. In 
our study, the semiquantitative assessment of severity 
of aortic stenosis was unaffected by these two condi- 
tions. Of additional importance is the apparent high 
degree of specificity of pulsed Doppler echocardiogra- 
phy as demonstrated in the normal control subjects and 
in those with a normally functioning prosthetic aortic 
valve. Future improvements in Doppler instrumenta- 
tion and signal processing may enhance our present 
results and provide even more accurate and precise 
quantification of the severity of aortic stenosis. 
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Experienced echocardiographers performed and interpreted echocar- 
diograms of 16 normal volunteers in an experiment designed to quantify 
the sources of variability in echocardiographic measurements. The ex- 
perimental factors were 16 subjects, two echocardiographic technicians, 
replication between 2 successive days, replication between two echo- 
cardiograms taken approximately 20 minutes apart, two subject positions 
and subject gender. The experimental factors in echocardiographic in- 
terpretation were four interpreters each interpreting two copies of each 
echocardiogram. 

The major conclusions of this study are: (1) Relatively little of the 
variability in echocardiographic measurements can be attributed to the 
technicians if the latter are experienced. (2) There appears to be relatively 
little variability in measurement with respect to days of replication within 
days, except for heart rate and the right ventricular internal dimension 
measurements. (3) The variability that resulted when an interpreter read 
unidentified copies of the same echocardiogram on different occasions 
was as large or larger than the variability that occurred when different 
interpreters read the same echocardiogram. (4) There is significant ex- 
traneous variability in the measurement of the thickness of the ventricular 
septum and posterior wall in normal subjects. (5) The position of the 
subject systematically influences the value of the measurements of the 
right ventricular internal dimension, but has relatively little or no effect 
on other measurements. 

It is concluded that each echocardiogram should be read at least twice 
by each of at least two interpreters. Minimally, each echocardiogram 
should be read either by one interpreter on two separate occasions or by 
two interpreters. The reported result for a measurement should be the 
mean of the values. If possible, an interpreter reading the same echo- 
cardiogram more than once should be ''blinded" to the identity of the 
echocardiograms so that bias on subsequent readings is minimized. 


Pulse-reflected ultrasound has found wide application in cardiology 
because of its ease, safety and diagnostic accuracy. Standard M mode 
or single dimension echocardiography is now an established diagnostic 
tool in clinical cardiology.! Like all diagnostic techniques, echocardi- 
ography has its problems as well as its advantages.? Ultrasound travels 
poorly through the lungs, ribs, sternum and thick chest walls and, be- 
cause ultrasound reflects energy, the beam angle is extremely critical. 
In addition, the theoretical resolution of the echocardiographic system 
affects the accuracy of the measurements. Echocardiographic mea- 
surements also have at least two human sources of variability: the 
technician performing the echocardiogram and the interpreter reading 
it. Consequently, the technique of recording is relatively difficult and 
there are problems with reliability and reproducibility. 
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Although normal echocardiographic values have been 
established for children and adults, little is known 
concerning the relative magnitude of the sources of 
variability in echocardiographic measurements.? Most 
previous investigators have concentrated on a limited 
number of sources of variability^? and have not pre- 
sented comparisons of the relative magnitude of these 
sources. T'his paper analyzes results of a large and 
complex experiment designed to estimate sources of 
variability, including human factors, in echocardio- 
graphic measurements. The objectives of the experi- 
ment were (1) to quantify the sources of variability in- 
herent in echocardiographic measurements; (2) to assess 
the statistical and clinical significance of these sources 
of variability by comparing their relative magnitudes; 
and (3) to identify possible variance-reducing modifi- 
cations in the procedures used to obtain echocardio- 
graphic measurements. 


Methods 
Experimental Method 


Study subjects: Each subject submitted to four replications 
of a battery of four echocardiograms. The first and second 
replication took place approximately 20 minutes apart on the 
Ist day. A day later (day 2) the third and fourth replications 
were executed within approximately 20 minutes. The subject 
assumed two positions (supine and left lateral) and each of two 
technicians performed an echocardiogram at each position. 
The order between the technicians was randomized. Hence, 
each battery consisted of 4 echocardiograms so that each 
subject had 16 echocardiograms. 

The 16 subjects consisted of 6 male and 10 female "normal" 
volunteers. The unequal numbers of men and women was due 
to the inadvertent loss before interpretation of part or all of 
the echocardiograms from four subjects. The subjects had no 
clinical evidence of cardiac disease or hypertension and were 
believed to be free from any disease that would result in an 
abnormal echocardiogram. Their mean age was 28.3 years 
(range 22 to 38). 

Echocardiography: Each echocardiogram was carefully 
reproduced eight times by Xerography in order to have each 
of four interpreters read each echocardiogram two times. The 
interpreters, all highly experienced, each had at least 1 year 
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of echocardiographic experience. All worked in one of the 
echocardiography laboratories of Emory University, where 
more than 2,500 examinations are performed and interpreted 
each year. One spent an additional 4 months in the echocar- 
diography laboratory at Duke University. 

All echocardiograms were obtained using a Unirad Corpo- 
ration ultrasonascope, a 2.25 megahertz 10 cm focused (3/4 
inch [1.9 cm] diameter) transducer and a Honeywell 1856 strip 
chart recorder using heat- or light-sensitive paper. The chart 
speed used was 50 mm/s. The subjects were examined in both 
the supine and left lateral decubitus positions. The transducer 
was placed in the third or fourth intercostal space perpen- 
dicular to the chest wall at the left sternal border with the 
beam directed posteriorly to obtain the mitral valve echogram. 
From the same position, the transducer was rotated to scan 
cardiac structures from the left and right ventricles to the left 
atrium and aorta. An attempt was made to record a complete 
echocardiogram in every case. For accurate evaluation of basal 
levels of cardiac performance, all recordings were obtained 
while the patient had sinus rhythm, beats after premature 
contractions were not analyzed, and 5 to 10 beats were aver- 
aged in the two patients with marked respiratory motion of 
the ventricular walls. Furthermore, all measurements gave an 
average of determinations of 5 beats and all measurements 
were reported to the nearest millimeter. 

The following measurements were obtained: heart rate, 
ventricular septal thickness, left ventricular internal diameter 
at end-diastole and at end-systole, posterior left ventricular 
wall thickness and right ventricular internal diameter at 
end-diastole. The diastolic dimensions of the right and left 
ventricular chambers and the thickness of the ventricular 
septum and posterior left ventricular wall were measured at 
end-diastole, as marked by the onset of the QRS complex of 
the simultaneously recorded electrocardiogram. The right 
ventricular internal diameter at end-diastole was taken as the 
vertical distance between the endocardial echo of the anterior 
wall of the right ventricle and the echo from the right (ante- 
rior) side of the ventricular septum at end expiration, when 
these echoes were distinct (Fig. 1). If the position of the right 
ventricular anterior endocardial echo was not clearly defined, 
a point 5 mm from the most posterior nonmoving echo of the 
chest wall was arbitrarily chosen as the point from which to 
make the measurement. The left ventricular internal diameter 
at end-diastole was taken as the vertical distance between the 
most posterior (left) echo of the ventricular septum and the 
most anterior echo from the posterior left ventricular wall. The 


FIGURE 1. A normal echocardiogram 
at the level of the chordae tendineae 
(Ch) demonstrates the measurements 
of the ventricular septal thickness (VS), 
posterior wall thickness (PW), left 
ventricular internal dimensions at 
end-diastole (LV4) and end-systole (LV,) 
and right ventricular internal dimension 
at end-diastole (RV,). 


ventricular septal thickness was taken as the vertical distance 
between the most anterior echo from the right (anterior) 
surface of the septum and the most posterior echo from the 
left (posterior) surface of the septum. The thickness of the 
posterior left ventricular wall was taken as the vertical dis- 
tance between the most anterior left ventricular endocardial 
echo and the most posterior left ventricular epicardial echo. 
The left ventricular internal diameter at end-systole was de- 
termined at the point of maximal anterior movement of the 
posterior left ventricular wall. It was measured as the vertical 
distance between the most posterior (left) septal echo and the 
most anterior posterior left ventricular wall echo at this in- 
stant (Fig. 1). 

Identification of data: Each copy of the echocardiogram 
was labeled only with a gum label containing the identity of 
the interpreter and a coded identification number. The two 
copies of each echocardiogram given to each interpreter were 
in a random order with respect to all experimental conditions. 
The data were managed using the dictionary-driven data- 
system.9 

Only 15 values (of the 12,288 values analyzed for this paper) 
were originally found to be clinically untenable, that is, ob- 
viously recorded incorrectly. A few of the clinically untenable 
values were data entry errors, but most were recording errors 
made by the interpreter, such as the interchange of values of 
left ventricular internal diameter at end-diastole and at 
end-systole. Reasoning that a clinician would have rejected 
the interpretation of an echocardiogram containing clinically 
untenable values, we corrected these 15 values. 


Statistical Method 


The analysis of the data is in four parts, corresponding to 
the four gender by position classifications. The data are split 
on gender because of the imbalance in this factor and are split 
on position to simplify interpretation because results from 
different positions are expected to differ. 

A variance components model was formulated in which the 
factors in the model correspond to the sources of variation 
(variance components) to be estimated. Table I describes 
each of the factors included in the model. The factors S, T and 
I correspond to the subject, technician and interpreter vari- 
ance components, respectively. The factors ST, SI, TI and STI 
correspond to the inter S-T, inter S-I, inter T-I and the inter 
S-T-I variance components. These latter sources of variability 
are due to combinations of the involved main factors. For 








TABLE | 
Variance Components Included in Model 
Label Source of Variability 

S Subject: 5 men and 11 women 

Li Technician: one resident, one trained 
technician 

| Interpreter: three residents, one trained 
technician 

ST Subject by technician combinations 

SI Subject by interpreter combinations 

TI Technician by interpreter combinations 

STI Subject by technician by interpreter 
combinations 

D(STI) Day within STI combinations: two successive days 

R(STID) Replication within day (and STI 


combinations): two replications 

approximately 20 minutes apart 
Copy within replications (and days 

and STI combinations): two copies of 

each echocardiogram given to each 


C(STIDR) 
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example, the ST interfactor variability is that due to the 
various subject and technician combinations (as contrasted 
to variability due to subjects alone and the variability due to 
technicians alone). The factors D(STI, R(STID) and 
C(STIDR) correspond to variability in day, replicate and copy, 
respectively. For example, the D(STI) factor allows for the 
estimation of variability due to days within the S, T and I 
combinations. 

The results are presented in terms of the variance com- 
ponent estimates, expressed as standard deviations, and 
significance tests. The significance testing is done using F 
statistics. The null hypothesis in each case is that the corre- 
sponding variance component is 0. The results are also pre- 
sented in terms of estimated relative magnitudes of each 
variance component, expressed as percent of the total mea- 
surement variability. As a further aid in interpreting the re- 
sults, readers comfortable with coefficients of variation are 
encouraged to compute these ratios (the coefficient of varia- 
tion for a measurement is the ratio of the standard deviation 
to the mean and can be expressed as a percent by multiplying 
by 100). The Appendix provides some additional details on 
the variance components model and the statistical analysis. 


Results 


Distribution of measurements for each subject: 
Figure 2 shows frequency plots of the measurements of 
the left ventricular internal diameter at end-diastole for 
the six men in the supine position. Each subject has 64 


SUBJECT F 


SUBJECT E 


SUBJECT D 


SUBJECT C 


SUBJECT B 
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SUBJECT A 
FIGURE 2. Frequency plots showing the distribution of left ventricular 
internal dimensions at end-diastole for the six men in the supine posi- 


tion. 
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FIGURE 3. Frequency plots showing the same measurements as in 
Figure 2 but classified by interpreter rather than by subject. 


measurements (eight echocardiograms in the supine 
position read two times by each of four interpreters). 
These plots show that the distributions of the mea- 
surements for each subject vary in location but have 
nearly equal spread. Figure 3 shows frequency plots for 
the same measurements classified by interpreter. Note 
that the distributions of measurements from the four 
interpreters do not show marked differences in either 
location or spread, indicating that there is very little 
consistent bias on the part of the interpreter. The sta- 
tistical test confirms this impression because the in- 
terpreter variance component for the measurement of 
left ventricular internal diameter at end-diastole in men 
in the supine position is not significant (see next para- 
graph). These frequency plots help to illustrate the in- 
terpretation of the results. However, space does not 
permit the inclusion of the many plots necessary to il- 
. lustrate all of the results. The statistical analysis per- 
formed provides a method of "viewing" these distri- 
butions computationally. 

. Results of the variance components analyses 
(Tables II to VII): Each table presents the four anal- 
_ yses for one of the measurements. The four analyses for 





each measurement correspond to the four combinations 
of the two genders and two positions. These combina- 
tions are men in the supine position, men in the left 
lateral position, women in the supine position and 
women in the left lateral position. The overall means of 
the measurements for each analysis are presented along 
with the estimates of standard deviation (SD) of the 
nonnegligible variance components. The significance 
of each of the variance components is indicated by an 
asterisk (+) or a dagger (t) designating significance at 
the 0.05 or 0.01 level, respectively. The dashes in the 
standard deviation columns indicate that the corre- 
sponding variance component is not significant at the 
0.05 level. In addition, the estimate of the relative 
magnitude of each factor expressed as percent of total 
variability (percent V) is included in the tables. The 
dashes in the percent V column represent values less 
than 0.5. Figure 4 contains bar graphs showing the 
percent of total variability of important factors. A factor 
appears in the bar graph if it is significant at the 0.05 
level and its percent V is greater than or equal to 4. The 
whole bar represents 100 percent of the measurement 
variability and the vertical markings depict the percent 
of total variability for the specified factors. 

The statistical significance of a variance component 
does not necessarily imply clinical significance. Sta- 
tistical significance results when the hypothesis that a 
variance component is 0 is rejected ata specified level. 
The clinical significance of a variance component is 
judged from its estimated standard deviation and from 
its estimated relative magnitude (percent V). 

In general, a useful clinical measurement will reli- 
ably differentiate between the persons in whom mea- 
surements are made. The “better” measurements, in 
the context of this experiment, will be those for which 
the subject variance component is dominant over the 
other variance components. The subject variance 
component is statistically significant for all six mea- 
surements, for both sexes and for both positions with 
one exception, that of posterior left ventricular wall 
thickness for men in the supine position. In terms of 
percent V, the subject factor is the largest for all mea- 


TABLE Il 
Heart Rate 
Male Supine Male LL Female Supine Female LL 
Means: 60.2 59.4 71.8 70.4 
Source SD 96 V SD 96 V SD 96 V SD 96 V 
S 4.4* 48 4.6* 48 8.6* 61 8.6* 57 
T — — 0.9 1 — — — — 
| 0.5 1 0.6 1 1.0* 1 0.71 0 
ST 1.8* 4 — — 2 3 15" 1 
SI 0.7 1 — — — — — — 
TI — — — — — — — — 
STI — — — — — — — — 
D(STI) 2.41 9 4.3* 24 6.5* 20 8.8* 33 
R(STID) 3.6* 20 24 10 3.9* 7 2.9* 4 
2.3 17 2.4 2.9 8 2.4 5 


LL — left lateral position; SD — standard deviation; ?6 V = percent of total variability; — (in SD column) — not significant at p — 0.05 level; — 
(in 96 V column) = values less than 0.5. For other abbreviations see Table |. 
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FIGURE 4. Each bar represents the total measurement variability of important factors. The relative size (% V) of the major variance components 
is depicted as the labeled part of each bar. A variance component is depicted only if it is significant at the 0.05 level and its % V is greater than 
or equal to 4. Unlabeled parts of the bars show the remainder. The various component variance factors are copy (C), day (D), interpreter (l), replicate 
within same day (R), subject (S) and technician (T). IVST = interventricular septal thickness; LVID, and LVID, = left ventricular internal dimension 
at end-diastole and end-systole, respectively; PLVWT — posterior left ventricular wall thickness; and RVID, = right ventricular internal dimension 


at end-diastole. 


surements except those of ventricular septal thickness 
and posterior left ventricular wall thickness. Hence, the 
latter measurements suffer from significant “extrane- 
ous" sources of variability that dominate the subject 
variability in these normal subjects. 

Significant technician interfactor variability (ST, 
TI or STI) occurs in 14 of 72 cases. In 10 of the 13 cases 
in which ST is significant the subjects are women. This 
increased incidence in women may be due to confusion 


about where to place the transducer with reference to 
the left breast and the greater difficulty in obtaining 
tracings of excellent technical quality in smaller hearts. 
However, the percent V of all technician interfactor 
variance components is less than or equal to 7 and hence 
has little clinical significance. 

The technician effect (T) is significant in only 2 of 
24 gender-position combinations and the percent V 
never exceeds 6. Hence, the variability due to the 


TABLE Ill 
Interventricular Septal Thickness 
Male Supine Male LL Female Supine Female LL 
Means: 8.2 8.1 7.8 7.6 
Source SD 96V SD 96 V SD 96 V SD 96 V 
S 0.5* 13 0.57 15 0.6! 24 0.6! 27 
T — — — — 0.2* 1 0.3* 3 
| 0.71 28 0.7! 25 0.51 15 0.41 12 
ST — — — — 0.2 1 0.2* 2 
SI 0.3 3 0.3* 4 0.31 5 0.3* 5 
Ti — — — -— — — — — 
STI — — — — — — — — 
D(STI 0.4* 5 — — 0.3* 4 0.3* 4 
R(STID) 0.3 4 0.67 14 0.51 9 0.6 12 
C(STIDR) 0.8 47 0.8 42 0.7 42 0.7 37 


* p = 0.05. 
t p = 0.01. 
Abbreviations as in Tables | and Il. 
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TABLE IV 
Left Ventricular Internal Diameter at End-Diastole 


Male Supine Male LL Female Supine Female LL 
Means: 48.0 48.0 45.7 45.7 
Source SD 96 V SD 96 V SD 96 V SD 96 V 
Fe ital ra NN eae A EEE EE Vhs) NEL E 
= §.2° TT 4.7* 75 22" 62 2.8* 59 
| 0.7! 1 0.8 2 t0: 5 1.07 7 
ST — — 1.0* 2 0.67 1 0.6* 2 
SI — — — — — — -— — 
TI — — — — — — — — 
STI — — — — — — — — 
D(STI) — — — — 0.91 3 0.87 3 
R(STID) * 7 5* 5 TIT 0 1.4* 9 
0 6 1.7 9 1.6 1 


Abbreviations as in Tables | and II. 


technician is generally insignificant, probably because 
of the expertise of the technicians employed. It is pos- 
sible that less highly trained technicians could con- 
tribute significantly to the variability of echocardio- 
graphic measurements, particularly if there is incon- 
sistency in the transducer placement. 

Significant interpreter interfactor variability (SI, 
TI or STI) occurs in 6 of 72 cases. The percent V of all 
interpreter interfactor variance components is less than 
or equal to 5 and hence has little clinical significance. 

The interpreter variance component is significant 
in 19 of the 24 cases. However, in no case, is it the 
dominant component and its relative magnitude is al- 
ways less than or equal to the copy factor. Hence, al- 
though there appears to be a significant component of 
variability due to interpreters, the percent V from an 
interpreter reading two copies of the same echocardio- 
gram is always equal to or larger than the percent V due 
to different interpreters. 

The day (D), replicate within same day (R) and the 
copy (C) variance components are frequently large. 
The day component is statistically significant in 15 of 


24 cases and has a percent V as large as 33. However, the 
day component is relatively large only for the heart rate 
measurement. The replicate component, representing 
the moment to moment variability, is statistically sig- 
nificant in 23 of 24 cases and has a percent V as large as 
20. Although the replicate component is sometimes 
large, this uncontrollable source of variability is never 
the dominant component relative to the other sources 
of variability. The copy component has a percent V as 
large as 57. (The significance of the large copy compo- 
nent was previously discussed relative to the interpreter 
component.) Hence, the day, replicate and copy vari- 
ance components do have clinical significance, especially 
when their percents of total variability (percents V) are 
larger than the subject percents V. 

The largest source of variation in the heart rate 
measurements (Table II) is the subject (S). The per- 
cent of total variability for subjects ranges between 48 
and 61. The day component generally dominates both 
the replicate and copy components. This is reasonable 
because one would expect the day to day variability in 
heart rate to be greater than the moment to moment 


TABLE V 
Left Ventricular Internal Diameter at End-Systole 
Male Supine Male LL Female Supine Female LL 
Means: 30.7 30.9 29.2 29.2 
Source SD 96 V SD 96 V SD 96 V SD 96M 
* 
z 4.6 80 4.4* 77 3.1* 70 ^ nd 68 
| 0.7t 1 0.6 1 0.6 2 0.5* 2 
ST — — 0.9* 2 0.5* 1 0.5* 1 
SI 0.5 1 — — 0.3 1 — — 
TI e i AER - 0.37 0 an E 
STI — — — — — — — — 
D(STI) — — 1.3* 4 1.0* 4 0.9* 3 
R(STID) 1.9* 8 17" 7 0.8* 3 13" 6 
1.5 11 1.3 9 1.5 9 1.6 20 


C(STIDR) . : A 1 ; 
Fr a ett ret ale ag cep ENS OF Ee VER... D 
* p = 0.01. 


t p = 0.05. 
Abbreviations as in Tables | and Il. 
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Male Supine Male LL Female Supine Female LL 

Means: 8.1 8.0 7.9 7.9 
Source SD 96V SD 96V SD 96 V SD 96 V 
S 0.3 7 0.4* 11 0.6* 30 0.6* 29 
T — — 0.1 1 — — — — 
| 0.6t 26 0.6* 25 0.4 10 0.4* ü 
ST 0.2 2 — — 0.2 2 — — 
SI 0.2 2 0.37 4 0.2 1 0.3! 5 
TI 0.2 1 — — s "- "— a 
STI — — — — 0.2 1 — — 
D(STI) 0.4 6 — — 0.2 2 0.3 3 
R(STID) 0.4* 6 0.4* 9 0.4* 6 0.5* 11 
C(STIDR) 0.8 50 0.7 51 0.8 48 0.7 43 
* p = 0.01. 

t p = 0.05. 


Abbreviations as in Tables | and ll. 


variability. Note that the copy standard deviations are 
fairly consistent and relatively small (2.3, 2.4, 2.9, and 
2.4 beats/min). 

Ventricular thickness measurement: The mea- 
surements of ventricular septal thickness and posterior 
left ventricular wall thickness are relatively small in 
magnitude as seen from their overall means. The 
thickness of the ventricular septum ranges from 7.6 to 
8.9 mm and that of the posterior left ventricular wall 
from 7.3 to 8.1 mm. It is interesting to compare these 
two measurements with that of heart rate, which has a 
larger magnitude. The subject component is the largest 
of the heart rate measurements with percent V ranging 
from 48 to 61, whereas for the ventricular septal thick- 
ness the percent V range for the subject component is 
13 to 27 and for posterior left ventricular wall thickness 
it is 7 to 30. The largest variance component for both 
ventricular septal thickness and posterior left ventric- 
ular wall thickness is that of copy, with percent V 
ranging from 37 to 47 for ventricular septal thickness 
and from 43 to 51 for posterior left ventricular wall 
thickness. Hence, the variation in ventricular septal 
thickness and posterior left ventricular wall thickness 


TABLE Vil 
Right Ventricular Internal Diameter at End-Diastole 
Male Supine Male LL 
Means: 14.4 19.6 
Source SD %N SD 
S 3.5* 48 4.1* 
T — — 1.81 
| j d 11 in 
ST —- -— TO” 
SI -— — 0.6 
TI — — — 
STI — — -— 

STI 2.2 11 2.0* 
R(STID) 2.4* 13 gi 
C(STIDR) 1.9 17 1.8 
* p = 0.01. 

Tp = 0.05 


Abbreviations as in Tables | and II. 


between the same interpreter reading two Xeroxed 
copies of an echocardiogram is actually larger than the 
variation between two echocardiograms from different 
subjects. This same point can be made by looking at the 
estimated standard deviations. In every case the stan- 
dard deviation for copies is larger than that for 
subjects. 

Ventricular dimension measurements: Left ven- 
tricular internal diameters at end-diastole and at end- 
systole have the largest percent V due to the subjects. 
The subject percent V range for left ventricular internal 
diameter at end-diastole is 59 to 77 and for internal di- 
ameter at end-systole it is 68 to 80. The overall means 
for left ventricular internal diameter at end-diastole and 
at end-systole range from 46.0 to 47.5 with a standard 
deviation from 1.5 to 2.1. The standard deviation for 
copies is approximately half of that for subjects. These 
results are important because the subject to subject 
variability is greater than the copy to copy variability, 
even for this homogeneous population. 

In contrast, there is significant replicate variability 
for both left ventricular internal diameter at end-dias- 
tole and at end-systole. This replicate effect (with 


Female Supine Female LL 
14.1 16.3 
96 V SD 96 V SD 96V 
54 2.9* 45 4.2 61 
6 0.7 — c 
6 1.6* 11 1.9* 10 
4 1.4* 5 2.0* 7 
1 0.4 1 — a 
8 0.4 1 0.5 1 
8 2.5* 18 2.4* 11 
13 1.8 18 1.6 10 
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standard deviations ranging from 0.8 to 2.1) is probably 
related to a combination of differences in transducer 
placement or angulation, or both, on the subject's chest 
and a change in heart rate. It is not due to differences 
in the technicians because this variable is not signifi- 
cant. 

Although there are some statistically significant day 
components for the measurements of left ventricular 
internal diameter at end-diastole and at end-systole, the 
maximal percent V is only 3 for left ventricular internal 
diameter at end-diastole and 4 for left ventricular in- 
ternal diameter at end-systole. The standard deviations 
(0.8 to 1.3) are small relative to the magnitude of the 
measurement; thus, serial measurements of left ven- 
tricular diameters are reliable. 

The means for right ventricular internal diameter 
at end-diastole in the supine position are 14.1 and 14.4 
for women and men, respectively, whereas in the left 
lateral position they are 16.3 and 19.6. The interpreter 
percent V for right ventricular internal diameter at 
end-diastole ranges from 6 to 11 with standard devia- 
tions ranging from 1.5 to 1.9 mm. In addition to the 
position differences (for example, supine versus left 
lateral) this potential source of error should be consid- 
ered when the right ventricular size is analyzed in a 
single echocardiogram. Even serial examinations of 
right ventricular internal diameter at end-diastole are 
not without potential for error because day variability 
and replicate-within-day variability are statistically 
significant and probably clinically significant in certain 
gender-position classifications. 


Discussion 


It is important to contrast the echocardiograms ob- 
tained from this experiment with those obtained rou- 
tinely because such a contrast enhances the interpre- 
tation of the results of the analysis of these experimental 
data. The following differences are noted: (1) All 
subjects in the experiment are “normal” and hence 
would be expected to show less variation in measure- 
ments than would be typically observed in clinical 
practice. (2) The technicians and interpreters were not 
all regularly employed in the roles they played in the 
experiment. (3) The echocardiograms interpreted were 
Xerox copies of original echocardiograms and hence are 
of slightly lower quality. (4) A factor of fatigue may have 
influenced both technicians and interpreters because 
of the high volume of echocardiograms that were made 
and interpreted. (5) The echocardiograms are “boring” 
because they were obtained from “normal” subjects. 

Subjects and copy variability for ventricular 
thickness measurements: One reason for the lack of 
subject variability for the ventricular septal thickness 
and the posterior left ventricular wall thickness is that 
all subjects used in this experiment are “normal.” 
However, a more important reason is the significant 
interpreter and copy variabilities that dominate the 
subject variability for these small measurements. The 
interpreter variability for the ventricular septal thick- 
ness of normal subjects ranges from 12 to 28 percent of 


total variability (percent V) with standard deviations 
of 0.4 to 0.7 mm and the posterior left ventricular wall 
thickness ranges from 9 to 26 percent V with standard 
deviations of 0.4 to 0.6 mm. Troy et al.” noted similar 
differences with respect to the interpreter. 

The copy variabilities for the ventricular septal 
thickness and the posterior left ventricular wall thick- 
ness are even larger. The copy variability for ventricular 
septal thickness ranges from 37 to 42 percent V with 
standard deviations of 0.7 to 0.8 and that for posterior 
left ventricular wall thickness ranges from 43 to 51 
percent V with standard deviations of 0.7 to 0.8. These 
differences could potentially make a high normal value 
extend into the abnormal range. Hence, meticulous care 
must be exercised in making measurements of ven- 
tricular septal thickness and posterior left ventricular 
wall thickness and, if possible, the data should be veri- 
fied by a second observer. In certain clinical situations, 
such as asymmetric septal hypertrophy, gross abnor- 
malities will be evident; however, determination of mild 
to moderate degrees of left ventricular hypertrophy may 
be difficult. 

Intraobserver and interobserver variance in 
interpretations: The large intraobserver variance with 
a blinded copy indicates that the method is semiquan- 
titative at best and that this limitation cannot be 
eliminated. The larger variability of an interpreter 
reading unidentified copies of the same echocardiogram 
relative to the variability between interpreters can be 
explained by the following analogy: Suppose that each 
of two persons throws 10 darts at a dart board with the 
intention of hitting the center. Suppose further that the 
pattern of darts for each person is nearly circular but has 
a relatively large diameter. The results indicate that 
each person lacks precision. If, however, the center of 
each individual’s circle of darts is near the center of the 
target, then each person is accurate “on the average." 
This hypothetical situation is analogous to the inter- 
pretation of echocardiograms. The interpreters have 
average similar performances, but lack precision, so that 
a single reading might be quite inaccurate. 

Differences among interpreters have previously been 
reported in relation to roentgenography and in various 
medical conditions.?-!? Interobserver variance in cor- 
onary angiographic and left ventricular cineangiogra- 
phic findings! and in echocardiographic measure- 
ments*”:!2 has also been reported. 

There are at least two possible reasons why the in- 
terpreter and copy components are so large: (1) The 
markers on the echocardiographic recording paper are 
calibrated in centimeters, whereas the dimensions of the 
ventricular septal thickness, posterior left ventricular 
wall thickness and, frequently, those of the right ven- 
tricular internal diameter at end-diastole are usually in 
millimeters (range 7 to 20 mm), thereby necessitating 
interpolation between the centimeter markers. (2) The 
choice of the interface at which to make the measure- 
ment might vary from interpreter to interpreter and for 
the same interpreter reading copies of the same echo- 
cardiogram. 
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Technical factors affecting accuracy of mea- 
surements: Of fundamental importance in determining 
ventricular septal thickness, posterior left ventricular 
wall thickness and right and left ventricular internal 
dimensions by echocardiography is the ability to record 
clear endocardial echoes. Because the endocardium- 
blood interface is a poor reflector of ultrasound, high- 
gain settings are often required, which may lengthen the 
echoes from the endocardial surface. This may result, 
for example, in a spurious increase in septal echoes, 
which may extend into the left ventricular cavity, pro- 
ducing a potential error in measurement of left ven- 
tricular internal dimensions. The location of an echo- 
cardiographic interface is best determined by the 
leading edge method (location of the first or most 
proximal echo!?); accordingly, dimensions should be 
measured from the onset or anteriormost edge of the 
echoes in M mode recordings. 

Determination of the posterior left ventricular wall 
thickness and ventricular septal thickness also requires 
appropriate adjustment of the echocardiographic con- 
trols. The most common artifactual error introduced by 
incorrect use of these controls is perhaps the elimination 
of a portion of the echoes from the ventricular septum 
or even the entire septum. Additional technical errors 
that must be considered in every echocardiographic 
examination include (1) poor lateral resolution (or the 
inability to distinguish closely lying structures that 
results from the infinite beam width of current ultra- 
sonic devices!?); (2) the drop-out phenomenon (the 
sudden loss of echoes from an anatomic structure in the 
ultrasonic beam); (3) reverberations (false impressions 
of a second interface twice as far from the transducer 
as the first interface!4); and (4) those that result because 
of the distance between a cardiac structure and the 
chest wall (the greater the distance, the greater the error 
in measurement).!° 

The standard location for measuring left ventricular 
internal dimensions and septal and posterior wall 
thicknesses in older children and adults is at the level 
of the chordae tendineae between the posterior papil- 
lary muscle and the free edge of the mitral valve leaf- 
let.!© Popp et al.!7 have shown that it is possible to direct 
the beam in this plane from various tranducer positions 
on the chest wall and to record apparently acceptable 
echocardiographic patterns. 

Right ventricular dimensions: The right ventric- 
ular internal diameter at end-diastole is the only mea- 
surement that shows a large difference due to subject 
position. Differences as great as 5.2 mm in the means of 
the right ventricular internal diameter at end-diastole 
measurement from different positions are observed. A 
“true” right ventricular cavity dimension should be 
determined only when the right side of the septum and 
the right ventricular wall endocardium are visualized. 
An “estimated” right ventricular cavity dimension may 
be obtained by determining the distance between the 
right (anterior) surface of the septum and the point that 
approximates the right ventricular anterior wall echo.!” 
A report of a right ventricular internal dimension 
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measurement, therefore, must also specify the subject’s 
position. Although the position of the subject did not 
influence left ventricular internal diameter measure- 
ments in this study, this conclusion may not hold true 
for larger hearts. 


Conclusions and Implications d 


This study quantifies the degree of variability among 
echocardiographers reading the same unmarked tracing 
of normal-sized hearts, the variability of serial studies 
from minute to minute and day to day, and examines 
differences obtained from changing the subject’s posi- 
tion. In addition, variance components among subjects, 
technicians and interpreters are estimated. A summary 
of the findings is as follows: 

1. No strong component of variability can be attrib- 
uted to the technicians, undoubtedly because of their 
high degree of experience. 

2. There appears to be relatively little measurement 
variability with respect to days or replication within 
days with the exception of that of the heart rate and 
right ventricular internal dimension. 

3. The position of the subject systematically influ- 
ences the value of right ventricular internal dimension 
measurements, but has relatively little or no effect on 
other measurements. 

4. There is a lack of significant subject variability with 
regard to the ventricular septal thickness and posterior 
left ventricular wall thickness measurements. 

5. Statistically significant interpreter variability 
among echocardiographers independently reading the 
same tracing. This is especially true for ventricular 
septal thickness, posterior left ventricular wall thickness 
and right ventricular internal diameter at end-diastole, 
but much less so for heart rate, left ventricular internal 
diameter at end-diastole and left ventricular internal 
diameter at end-systole. 

6. The variability caused by an interpreter reading 
unidentified copies of the same echocardiogram on two 
occasions is generally larger than the variability among 
different interpreters reading the same echocardio- 
gram. 

Therefore, variability within and between inter- 
preters can be a significant factor influencing the ac- 
curacy of echocardiographic measurements. This is 
especially important when small changes in echographic 
dimensions are assigned significance, as in measure- 
ments of ventricular septal thickness, posterior left 
ventricular wall thickness and right ventricular cavity 
size. For investigative echocardiography, we suggest that 
to ensure objectivity and validity of data, each tracing 
should be interpreted at least twice by at least two in- 
dependent echocardiographers. Minimally, either each 
echocardiogram should be read by one interpreter on 
two separate occasions or each echocardiogram should 
be read by two interpreters. The reported result for a 
measurement should be the mean of all the values of the 
entities in the interpretation protocol. If possible, an 
interpreter reading the same echocardiogram two or 
more times should be “blinded” to the identity of the 
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echocardiogram so that bias from previous readings is 
minimized. 


APPENDIX 


Variance Components Analysis 


Variance component model for estimating significance 
of factors: The variance component (or random effects) 
model differs from the fixed effect analysis of variance model 
in that the factors of interest are assumed to have been sam- 
pled from a population and the focus of interest is to estimate 
the variance in the population. For example, the interpreter 
factor represents a sample of four interpreters from the pop- 
ulation of all interpreters who could have been sampled. The 
variance component estimate that results from the inclusion 
of this factor in the model provides an estimate of the variance 
of the population of interpreters with respect to the mea- 
surement. This is called the interpreter variability. Both the 
tests of significance of the factors under study and the esti- 
mates of their effect are presented. 

In addition to enabling the estimation of the significance 
for the factors S (subject), T (technician) and I (interpreter), 
also called main effects (Table I), the variance components 
model provides for significance testing and estimation of the 
interfactor variability. Significant interfactor variability 
implies that combinations of the involved factors contribute 
significantly to the variability. For example, a significant S-T 
variance component implies significant variability across the 
various S and T combinations. 

Crossed versus nested factors: The factors in our model 
are partially crossed and partially nested (hierarchical). The 
crossed factors are subject, technician and interpreter; that 
is, each subject had echocardiograms performed by both 
technicians and each of these echocardiograms were read by 
all four interpreters. The nested factors are D(STD, R(STID) 
and C(STIDR). These factors are nested because day 1 for 


subject 1 is not necessarily the same as day 1 for subject 2; 
likewise, replicate 1 for subject 1 on day 1 is only a label for 
that replicate and is not the same as replicate 1 for subject 2 
on day 1 or for subject 1 on day 2. Similarly, copies were made 
within replications. 

The foregoing distinctions are important because they in- 
fluence the identification of the appropriate error terms to be 
used for the F statistics. For example, the effect C(STIDR) 
represents the “pure” error of reading an echocardiogram 
because it is the estimate of the variability between two copies 
of the same echocardiogram averaged over all echocardio- 
grams. Similarly, R(STID) represents the variability between 
replications of two echocardiograms taken under identical 
conditions averaged over all experimental conditions and days. 
It is therefore easy to see why a comparison of the C(STIDR) 
variability versus the R(STID) variability is of interest. Spe- 
cifically, such a comparison shows whether the variability due 
to interpretation is greater than the moment to moment 
variability within the patient. 

Statistical program design and analysis: The assump- 
tions of the model are: (1) all factors are independent and (2) 
the population distribution of each factor is gaussian. The 
estimation of the variability attributable to each factor in the 
model is accomplished using the program BMD08V. In ad- 
dition, this program provides F statistics for most of the 
variance component comparisons. The remaining comparisons 
can be made from approximate F statistics computed by the 
method of Satterthwaite.!? See Winer?? for a description of 
this type of design and the estimation and hypothesis testing 
techniques. 

The estimation of the relative magnitude of the factors 
follows the method advocated by Fleiss.?! These estimates are 
not unbiased, but are consistent. The estimate of relative 
magnitude of a factor estimates the amount of variability due 
to that factor relative to the total variability in the sample. The 
estimate of relative magnitude formulas specific to this 
analysis were derived by Drucker.22 
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To study the relation between ejection time and preceding cycle length 
(heart rate), the carotid arterial pulse tracing and electrocardiogram were 
simultaneously recorded in 104 patients with atrial fibrillation in various 
conditions. Ejection time was plotted against preceding heart rate in 30 
consecutive cardiac cycles in each patient. The correlation coefficient 
between ejection time and heart rate, and the slope of the regression line 
derived from the formula, Y = aX + b, were calculated. 

In patients with mitral stenosis both the correlation coefficient and the 
slope were highest ( —0.91[—0.79 ~ 0.98], — 1.89 + 0.42); in those with 
congestive cardiomyopathy the coefficient was low (—0.68[—0.45 ~ 
—0.85]) whereas the slope was high (—1.32 + 0.30); both were lowest 
in patients with constrictive pericarditis (—0.08[—0.06 ~ —0.11], —0.28 
+ 0.07); and the coefficient was low (—0.64[—0.25 ~ 0.95]) but the slope 
was moderate (—0.77 + 0.34) in those with an atrial septal defect. After 
surgical correction, both the correlation coefficient and the slope de- 
creased in patients with mitral stenosis and increased in those with 
constrictive pericarditis, indicating a postoperative lessening of abnormal 
diastolic filling patterns. 

These results suggest that this method may be useful in evaluating the 
effect on ejection time of pressure-volume changes brought about by 
diastolic filling. This method would also be of value in clarifying the he- 
modynamic patterns and effect of surgery in atrial fibrillation of various 
origins. 


The measurement and evaluation of hemodynamic variables obtained 
with use of systolic time intervals and echocardiography permit obser- 
vation of changes due to different cycle lengths in the same person. Be- 
cause cycle lengths in atrial fibrillation are variable and cause differences 
in the diastolic filling period from beat to beat, this common arrhythmia 
is suitable for evaluating the differences in the diastolic filling patterns 
under various clinical conditions.'? 

Previous measurements of the left ventricular ejection time in atrial 
fibrillation in groups of patients have demonstrated that there is an in- 
verse relation with the preceding cycle length? and that the ejection time 
is correlated well with stroke volume,‘ which in a single patient under 
constant conditions such as atrial fibrillation should reflect changes in 
left ventricular diastolic filling volume. Therefore, in this study we at- 
tempted to determine if the diastolic filling pattern in patients with atrial 
fibrillation in a variety of hemodynamic states could be evaluated by 
analyzing the beat to beat variations of ejection time. We applied a 
slightly different but simpler method of analysis than that used by 
previous investigators. 
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Methods 


Patient groups: One hundred four patients with atrial fi- 
brillation were studied. They were classified into six groups 
(Table I) according to the presence of predominant mitral 
stenosis, other valve diseases (mitral regurgitation with or 
without aortic valve lesion), atrial septal defect, constrictive 
pericarditis, congestive cardiomyopathy and miscellaneous 
conditions (hypertension, ischemic heart disease or no known 
heart disease [isolated atrial fibrillation]). The diagnosis was 
made from the history, physical examination, electrocardio- 
gram, chest X-ray film and phonocardiogram in all patients. 
It was confirmed with echocardiography and cardiac cathe- 
terization in the majority of patients, and at the time of sur- 
gery in 38 patients. Most of the patients were taking digitalis 
to control ventricular rate. 

Correlation coefficient between ejection time and 
heart rate: Simultaneous tracings of the carotid arterial pulse 
and electrocardiogram (lead II) were made with the subject 
in the supine position during quiet respiration using a mul- 
tichannel recorder with a pressurized ink direct writer and at 
a paper speed of 100 mm/s. For the purpose of analyzing how 
ejection time is correlated with the preceding cycle length the 
following measurements were made: 

The ejection time and the preceding cycle length (which 
was converted into heart rate in order to make the relation 
between ejection time and heart rate comparable with that 
in studies in normal subjects with normal sinus rhythm) were 
calculated in 30 consecutive cardiac cycles in each patient. 
Then we constructed graphs by plotting the ejection time (Y 
axis) against heart rate (X axis). Finally, the correlation 


PETTITT pp HELLE HELL A 





FIGURE 1. Simultaneous tracings of the electrocardiogram (top), 
phonocardiogram (second row), carotid arterial pulse (CAP, third row) 
and echocardiogram in which the interventricular septum (IVS) and left 
ventricular posterior wall (LVPW) are clearly seen. Dd = left ventricular 
(LV) end-diastolic dimension; ET — ejection time. 
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coefficient between ejection time and heart rate, and the slope 
of the regression line derived from the formula, Y = aX + b, 
were calculated. 

Correlation coefficient between end-diastolic dimen- 
sion and heart rate: The echocardiogram was recorded in 20 
patients (15 with mitral stenosis, 2 with constrictive pericar- 
ditis and 3 with hypertension) using a multichannel recorder 
(Continue Trace 101, Irex Co., Ltd) at the site where the 
ventricular septum and left ventricular posterior wall were 
clearly seen, and the end-diastolic dimension was measured 
at the peak of the R wave in the electrocardiogram in 30 con- 
secutive beats (Fig. 1). The correlation coefficient between 
end-diastolic dimension and preceding cycle length (heart 
rate) was obtained. These recordings were also carried out 
before and after surgical treatment in eight patients with 
mitral stenosis and in two with constrictive pericarditis. 


Results 


Correlation Between Ejection Time and Heart Rate 


The correlation coefficient (r) and the slope of the 
regression line (a) between ejection time and heart rate 
are shown in Table I and Figure 2. The correlation 
coefficient was negative in all six groups, and its average 
value was greatest in mitral stenosis (—0.91[—0.79 ~ 
—0.98]), followed by the group with other valve diseases, 
the miscellaneous group, congestive cardiomyopathy, 
atrial septal defect and finally constrictive pericarditis 
(—0.08[0.06 ~ 0.11]). The slope was steepest (—1.89 + 
0.42) in mitral stenosis whereas it was almost flat (—0.28 
+ 0.07) in constrictive pericarditis. The slope in con- 
gestive cardiomyopathy followed that of both mitral 
stenosis and other valve diseases. The slope in the 
miscellaneous group and atrial septal defect was less 
steep. 


Representative cases: Figure 3 illustrates the correlation 
coefficient and the slope of the regression line between ejection 
time and heart rate in representative cases from four groups 
and also in 60 normal subjects with sinus rhythm.” Figure 3A 
illustrates findings in a 47 year old woman with mitral stenosis. 
The correlation coefficient was quité high (—0.99), indicating 
a high correlation between ejection time and heart rate, and 
the slope was quite steep (—2.35). Figure 3B illustrates find- 
ings in a 43 year old man with constrictive pericarditis. In this 
case the correlation coefficient was low (—0.15), and therefore 
there was no relation between ejection time and heart rate. 
The slope was almost horizontal (—0.04). Figure 3C illustrates 
findings in a 49 year old man with congestive cardiomyopathy. 
The correlation coefficient was low (—0.46); that is, ejection 
time and heart rate were relatively unrelated (there was a 
stronger correlation between ejection time and the “pre- 
preceding" than the preceding cycle length, when certain 
ranges of preceding cycle length were taken into account), 
whereas the slope was steep (—1.28). Figure 3D illustrates 
findings in a 54 year old woman with an atrial septal defect. 
The slope resembled that of constrictive pericarditis (a — 
—0.20) as in Figure 3B, although the correlation coefficient 
was slightly different from that in the patient with constrictiv 
pericarditis (r = —0.46). 

T'wo representative tracings of the carotid arterial pulse and 
electrocardiogram are shown in Figure 4. A patient with mitral 
stenosis (Fig. 4A) demonstrated a wide range of ejection times 
and a wide variety of carotid pulse wave contours at various 
cycle lengths. However, in a patient with constrictive peri- 
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TABLE | 


Age, Sex, Correlation Coefficient (r) and Slope of the Regression Line Between Ejection Time and Heart Rate in Six Groups 
of Patients With Atrial Fibrillation 
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E Sex Age (yr) 
(range and r Slope 
Group Diagnosis n M F mean) (mean; range) (mean + SD) 
1 Valve disease with 43 16 27 35-69; 50.2 —0.91; —0.79 ~ —0.98 — 1.89 + 0.42 
predominant 
mitral stenosis 
2 Other valve disease 13 11 2 28-77; 65.2 —0.81; —0.60 ~ —0.92 — 1.14 + 0.44 
3 Atrial septal defect 5 2 3 44—61; 55.4 —0.64; —0.25 ~ —0.95 —0.77 + 0.34 
4 Constrictive pericarditis 5 5 0 52-67; 59.3 —0.08; —0.06 ~ —0.11 —0.28 + 0.07 
5 Cardiomyopathy, 6 6 0 31-70; 55.8 —0.68; —0.45 ~ —0.85 — 1.32 + 0.30 
congestive type 
6 Miscellaneous 32 24 8 25-78; 60.3 —0.72; —0.23 ~ —0.92 —0.92 + 0.31 
IHD 11 9 2 46-78; 68.7 —0.76; —0.46 ~ —0.89 —0.89 + 0.30 
Hypertension 7 6 1 38-72; 62.1 —0.63; —0.23 ~ —0.92 —0.92 + 0.34 
Isolated AF 14 9 5 25-59; 49.7 —0.74; —0.33 ~ —0.88 —0.98 + 0.28 
Total 104 64 40 25-78; 56.4 
AF = atrial fibrillation; IHD = ischemic heart disease; n = number of cases; SD = standard deviation. 
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-— FIGURE 2. The correlation coefficient (r) 
(upper panel) and the slope of the regres- 
sion line (lower panel) between ejection 
time and heart rate in the six groups of 
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carditis (Fig. 4B), there was little change in ejection time and 
the carotid pulse wave maintained almost the same shape 
despite variations in cycle length. 

Effect of surgery in mitral stenosis and con- 
strictive pericarditis: Changes in the correlation 
coefficient and the slope of the regression line before 
and after surgical treatment in mitral stenosis and 
constrictive pericarditis were also analyzed (Table II). 
Eight patients with mitral stenosis and two with con- 
strictive pericarditis underwent mitral commissurotomy 
or pericardiectomy, respectively. There was a decrease 
in both the correlation coefficient and the slope in all 
patients with mitral stenosis after successful commis- 
surotomy (Fig. 5A), the difference between the pre- and 
postoperative values being statistically significant (p 
<0.01). In the patients with constrictive pericarditis 
both the correlation coefficient and the slope were in- 
creased after pericardiectomy (Fig. 5B). 


Correlation Between Left Ventricular End-Diastolic 
Dimension and Heart Rate 


The correlation coefficient between the left ventric- 
ular end-diastolic dimension of the echocardiogram and 
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heart rate in patients with mitral stenosis, constrictive 
pericarditis and hypertension were analyzed. The cor- 
relation was highest in mitral stenosis (—0.88[—0.69 ~ 
—0.92]), lowest in constrictive pericarditis (—0.09 and 
—0.33) and intermediate in hypertension (—0.44, —0.59 
and —0.74). 


Discussion 


The availability of varying beat to beat measurements 
of cycle length (heart rate), ejection time and end-dia- 
stolic dimension would seem to provide an opportunity 
for analyzing results within the framework of the 
Frank-Starling relation. Previous studies have shown 
that during atrial fibrillation ejection time varies di- 
rectly with the preceding cycle length (heart rate)? and 
also with stroke volume.^4 In our analysis of the corre- 
lation coefficient between ejection time and heart rate, 
and the slope of the regression line derived from the 
formula, Y = aX + b, in 104 patients with atrial fibril- 
lation in a variety of hemodynamic states, we obtained 
the following results: The highest correlation coefficient 
and the steepest slope were seen in mitral stenosis, the 
lowest coefficient and the flatest slope in constrictive 
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FIGURE 3. Correlation coefficient (r) and slope of the regression line (a) in representative cases from the four groups. Notice the difference in the 


r and the a values in each patient. ET — ejection time; HR — heart rate. 
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pericarditis, a low coefficient and steep slope in con- TABLE Il 
gestive car diomyopathy and a low coefficient and in- Effect of Surgery on Correlation Coefficient (r) and Slope of 
termediate slope in atrial septal defect. After surgical the Regression Line (a) in Eight Patients With Mitral 

| therapy both the correlation coefficient and the slope Stenosis and Two With Constrictive Pericarditis 

W- decreased in mitral stenosis whereas both increased in - 

ORY . d Correlation Coefficient Slope 
constrictive pericarditis. (r) (a) 
Diastolic filling pattern in mitral stenosis versus m 

the normal pattern: The difference in the slope of the Before After Before After 
regression line and diastolic filling pattern in mitral Surgery Surgery Surgery Surgery 
stenosis and constrictive pericarditis from that seen in Mitral Stenosis 


normal subjects with normal sinus rhythm may be ex- 
plained by Figure 6. This figure shows the correlation 
between ejection time and heart rate with the diastolic dn cdd. * om s za 
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tions: in 60 normal subjects with normal sinus rhythm,’ —0.92 —0.69 —1.96 —1.64 

in one patient with mitral stenosis during atrial fibril- 2025 pci es 71.98 
lation and in one patient with constrictive pericarditis Average —0.92* —0.78! — 1.68* EP 

during atrial fibrillation. 

The left ventricular diastolic filling pattern of mitral 
stenosis differs from the normal pattern by its lack of 

"^ early rapid filling. In mitral stenosis the diastolic pres- 
' — gure increases gradually because of a steady diastolic 
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Statistical significance between * and T: p <0.01. 
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FIGURE 4. Two representative tracings of the carotid arterial pulse (CAP) and electrocardiogram (ECG) from a patient with mitral stenosis (A) and 
one with constrictive pericarditis (B). The calculated values of ejection time (ET) and preceding cycle length (R-R) are shown in each tracing. PCG 
= phonocardiogram. 
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FIGURE 5. The correlation coefficient (r) and the slope of the regression line 
stenosis (A) and one with constrictive pericarditis (B). Notice the changes in the 


time; pre-op — preoperative; post-op — postoperative. 


flow. In mitral stenosis with atrial fibrillation the 
end-diastolic volume is more dependent on the diastolic 
filling period, that is, the preceding cycle length (heart 
rate), than it is in normal subjects because of the lack 
of early rapid filling as well as the absence of an atrial 
kick. Hence, there is a higher correlation between 
ejection time and heart rate in patients with mitral 
stenosis than in normal subjects. A decrease in the 
correlation coefficient and the slope of the regression 
line after mitral commissurotomy should indicate an 
improved diastolic filling pattern. Schoenfeld et al? 
observed a diminution in the slope of the preceding 
cycle length to ejection time after successful mitral 
commissurotomy. 

Constrictive pericarditis: Constrictive pericarditis, 
in which there is no correlation between ejection time 
and heart rate or end-diastolic dimension and heart 
rate, differs from mitral stenosis and the normal heart 
in that changes in diastolic volume occur mainly in the 
early diastolic phase. These changes are represented by 
the dip and plateau filling pattern.!? The volume after 
this early dip and plateau increases relatively little. 
Consequently, even if the cardiac cycle changes with 
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(a) before (upper) and after (lower) operation in a patient with mitral 
r and the a values after the operation in both conditions. ET — ejection 


atrial fibrillation, there may be no effect on ejection 
time, and the regression line remains almost horizontal. 
An increase in the correlation coefficient as well as the 
slope of the regression line after pericardiectomy should 
also be related to postoperative improvement in the 
diastolic filling pattern. 

Atrial septal defect: In atrial septal defect, in which 
are also found a low correlation coefficient between 
ejection time and heart rate, the diastolic filling pattern 
might be more or less similar to that of constrictive 
pericarditis because a fairly large amount of blood 
shunts through an interatrial defect from left to right 
in mid and late diastole; that is, the left ventricle re- 
ceives most of its blood during its early rapid filling 
phase and the right ventricle “steals” left ventricular 
blood during mid and late diastole.!! 

Physiologic state in atrial fibrillation: Other in- 
vestigators have found a very good correlation between 
ejection time and stroke volume, peak flows, stroke work 
and peak power in subjects with atrial fibrillation.4 
Moreover, a correlation between ejection time and 
preceding cycle length was reported by Kligfield et al.,5 
and Tavel et al.® in mitral stenosis as well as in other 
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FIGURE 6. Relation of the correlation coefficient (r) and the slope of the regression line (a) (upper panels) to the diastolic filling pattern in three 
different hemodynamic conditions (lower panels). A, 60 normal subjects with normal sinus rhythm.’ B, a patient with mitral stenosis. C, a patient 
with constrictive pericarditis. Thick arrow — rapid filling; thin arrow = slow filling; broken graph = a beat with a longer preceding diastolic period. 





ET = ejection time; HR = heart rate. 


conditions. They paid more attention to the "leveling 
off" point (a duration of preceding cycle length beyond 
which no further changes in ejection time occurred) 
than to the correlation coefficient and the slope that we 
studied. The “leveling off” point was hardly recognized 
on the regression line in our method (Fig. 3, 5 and 6), 
unless a very long preceding cycle length was present. 
We therefore used the slope as well as the correlation 
coefficient, and it proved to reflect well the physiologic 
state in atrial fibrillation and may be more simple to 
apply. We found that the correlation coefficient and the 
slope were not essentially affected by digitalis, which 
shifted the regression line upward to the right by an 
increase in the b intersect of the formula, Y = aX + b, 
indicating some improvement in the Frank-Starling 
curve. 

Clinical implication: When a patient with atrial 
fibrillation and with no known heart murmur is seen at 
the bedside, and the ejection time (or simply the carotid 
pulse wave contour) shows little change in relation to 
heart rate, it is very likely that pericardial constriction 
(or myocardial restriction) is present and that hyper- 
tension, ischemic heart disease or an idiopathic type of 
atrial fibrillation is absent. 


Quantitatively, if the correlation coefficient and the 
slope are higher than —0.90 and —1.50, respectively, 
dominant mitral stenosis is likely. Conversely, if the 
correlation coefficient and the slope are lower than 
—0.10 and —0.50, respectively, pericardial constriction 
(or myocardial restriction) is likely. Between these two 
groups is a miscellaneous group (congestive cardiomy- 
opathy and also valve diseases other than mitral ste- 
nosis) in which ejection time-heart rate relations 
vary. 

Whenever a patient has atrial fibrillation, we apply 
this method routinely to assess the diastolic filling 
pattern. We conclude that this bedside method may be 
of value in evaluating (1) the diastolic filling pattern in 
various conditions with atrial fibrillation, and (2) the 
effect of surgical treatment in mitral and pericardial 
diseases. 


Acknowledgment 


We are greatly indebted to Howard H. Wayne, MD, San 
Diego Country Diagnostic Heart Center and to Jules Con- 
stant, MD, Department of Medicine, Buffalo General Hos- 
pital, for assistance in preparation of this manuscript. 


References 


1. Dodge HT, Kirkham FT Jr, King CV. Ventricular dynamics in atrial 
fibrillation. Circulation 1957; 15:335-47. 

2. Braunwald E, Erye RL, Aygen MM, Gilbert JW Jr. Studies on 
Starling's law of the heart. Ill. Observations in patients with mitral 


stenosis and atrial fibrillation on the relationships between left 
ventricular end-diastolic segment length, filling pressure, and the 
characteristics of ventricular contraction. J Clin Invest 1960; 
39:1874-84. 


May 1980 The American Journal of CARDIOLOGY Volume 45 1011 


1012 


. Katz LN, Feil HS. Clinical observations on the dynamics of ven- 


tricular systole. (I) Auricular fibrillation. Arch Intern Med 1923; 
32:672-96. 


. Greenfield JC Jr, Harley A, Thompson KH, Wallace AG. Pres- 


sure-flow studies in man during atrial fibrillation. J Clin Invest 1968; 
47:2411-21. 


. Kligfield P. Systolic time intervals in atrial fibrillation and mitral 


stenosis. Br Heart J 1974; 36:798-805. 


. Tavel ME, Baugh DO, Feigenbaum H, Nasser WK. Left ventricular 


ejection time in atrial fibrillation. Circulation 1972; 46:744-52. 


. Sawayama T, Tohara M, Katsume H, Nezuo S. Polygraphic studies 


of the effect of nitroglycerin in patients with ischaemic heart dis- 
ease. Br Heart J 1973; 35:1234-39. 


10. 


11. 


May 1980 The American Journal of CARDIOLOGY Volume 45 


. Morrow AG, Braunwald E, Haller JA, Sharp EH. The left atrial 


pressure pulse in mitral valve disease. A correlation of pressures 
obtained by transbronchial puncture with the valvular lesion. Cir- 
culation 1957; 16:399-409. 


. Schoenfeld CD, Cohen S, Taguchi JT, Weissler AN. Relationship 


between cycle length and left ventricular ejection time in atrial fi- 
brillation (abstr). Clin Res Proc 1963; 11:26. 

Cortes FM, McDonough MT. Cardiac compressive syndromes. In: 
Cortes FM, ed. The Pericardium and Its Disorders. Springfield, IL, 
Charles C Thomas, 197 1:222. 

Sugimoto T, Inasaka T, Kaseno K, et al. [The usefulness and 
limitation of systolic time interval analysis]. Respir Circ 1976; 
24:323-8. (Jpn) 





KEEPA 
CLOSED 
MIND. 


Insist on the only ther - 

modilution cardiac output 

system available with 
«closed-loop sterility 

and accuracy: 


the New IL701 System. 


Exclusive IL Cold Pack Kit- 
e Reduces risk of pyrogens 
e Puts cooled, sterile thermodilution indicator 
on tap for each patient 
Unique IL Flow-through Injectate 
Temperature Probe — 
e Senses injectate temperature at the 
IL flow-directed catheter 
e Minimizes errors 
The IL701 System facilitates the calculation 
„of CI, SV, SWI, and PVR. 
Ask about our attractive purchase and 


replacement plans and our Continue-Ed | 
Slide Training Program. 


Call toll-free: 800-225-4040 


The Critical Care Specialists... 
Instrumentation Laboratory Inc. 
Sensorlab Division 
Lexington, MA 02173 














" t 


a " ; 


pt 





Instrumentation Lal 








Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
. received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is nof 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 596 Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigerction for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drug Delivery __————— 
Rate 250 mcg/ml* 500 mcg/mlt 1000 mcg/mit 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 
S, the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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Contraindications: 

Stockings may not be recommended for patients with the following: 

1. Any local leg condition in which stockings would interfere, such as: 

a. dermatitis, 

b. vein ligation (immediate post-operative), 
c. gangrene, 

d. recent skin graft. 

2. Severe arteriosclerosis or other ischemic vascular disease. 

3. Massive edema of legs or pulmonary edema from congestive heart failure. 

4, Extreme deformity of leg. 

5. For thigh length, patients with a circumference greater than 25 inches (63.5cm) 
at the gluteal furrow. For full leg (X-S, S, M, L), patients with a circumference of 25 
inches (63.5cm) or greater at the gluteal furrow. For full leg (X-L), patients with a 
circumference of greater than 32 inches (81.3cm) at the gluteal furrow. 


Precautions: 

l. Proper sizing and application must be assured. 

2. For full leg style TE.D.9 Stockings, avoid interference of side panels or waistband 
with incisions, drainage tubes, catheters or other exterior devices. 


Warnings: 
Caution: Federal (U.S.A.) Law restricts this device to sale by or on the order of a 
physician. 


Footnotes: 

1, Holford, C.P, “Graded Compression for Preventing Deep Venous Thrombosis.” 
British Medical Journal, 2: 969-970, 1976. 

2. Scurr, J.H. et al., "The Efficacy of Graduated Compression Stockings in the Preven- 
tion of Deep Vein Thrombosis.” British Journal of Surgery, 64: 371-373, 1977. 

3. Barnes, Robert W et al, “Efficacy of Graded-Compression Antiembolism Stock- 
ings in Patients Undergoing Total Hip Arthroplasty.’ Clinical Orthopaedics, 132: 
61-67, 1978. 

4. Wilkins, Robert W et al., "Elastic Stockings in the Prevention of Pulmonary Embol- 
ism: A Preliminary Report.” New England Journal of Medicine, 246: 360-364, 
1952. 

5. Wilkins, Robert W. & Stanton, Joseph R., "Elastic Stockings in the Prevention of Pul- 
monary Embolism II. A Progress Report.” New England Journal of Medicine, 
246: 1087-1090, 1953. 


References: 

Lewis, Charles E. et al., “Elastic Compression in the Prevention of Venous Stasis: 

A Critical Reevaluation.” The American Journal of Surgery, 132: 739-743, 1976. 
Meyerowitz, B.R., & Nelson, R., “Measurement of Velocity of Blood in the Lower 
Limbs with and without Compression.” Surgery, 56: 481-486, 1964. 

Sigel, Bernard, et al., "Compression of the Deep Venous System of the Lower Leg 
During Mactine Recumbering." Archives of Surgery, 106: 38-43, 1973. 


KENDALL 


INNOVATORS IN PATIENT CARE 








PPOSPALILALITH | 


How does it work? 
Why not ask it yourself! 


gam. 
Team en 
dll 


Pacesetter’ Systems. 





DIAGNOSTIC 


LEAD IMPEDANCE 





Time Remaining in Years 


| Non-invasive measure- 
ment of lead impedance 
can be used to monitor 
changes with time. 


LEADIMP N 
ATI TIS 


| BAT CURR pA 


Shows fractured or 
improperly connected 
leads. 


Shows shorted leads, 
insulation faults or low 
impedance lead systems. 


Models 221 and 222 






















































































3 6 90.— 42 15 18 2175247 5:24. :305233 
Battery Impedance in Kohms 





BATTERY CURRENT 


Battery current (80 PPM, 
0.8 ms pulse width and 
5.0 volt output pulse). 





Battery current (same 
parameters but pro- 
grammed to 2.5 volt 
output pulse) adjusted 
to optimal efficiency 


In addition to rate decrease 
and pulse width increase, 

a third RRT indicator is 
provided. RRT is approxi- 
mately 21 kilohms at 
standard settings. 
Remaining service life 

is simply determined. 





OPTIMIZING THE SYSTEM 


With Programalith you can determine all parameters 

affecting pacemaker performance and optimize the 

System to best satisfy the patient's needs while 

extending service life. ` 





PROGRAIALITH' is 
Simple to Interrogate and Program 


LEAD MP 2) 
> BAT IMP KD 
© BAT CURR uA 


LEAD IMP e 
GAT IMP K (2 
BAT CURR pA 


-2I ka ^. er = DA, 
t RATES 15a OOS ey Se i ote RATES 
. i I cech IE. A » 
45-60 PPM ə Laad dd A IR HM. 45-60 PPM 
RETURN TO Hn i iP ede See EA 
STANDARD RETURN 10 toe ere QE. 
STANDARD : RAIES STANDARD EET. s Lb 
865-8) MESES, | 3 Ti 


RATES 
PPM 65-80 PPM 


RATES "aas iE oh RATES 
85-110 PPM 85-110 PPM 


PROGAADALITH 


WIDTH WIDTH 
MILLISEC : MILLISEC 
bo mi TEMPORARY ANA WIE. a Se ae I. 
> AMPLITUOE adios Mac, o0 PIRE - AMPLITUDE 
i H WIS gh Re i VOLTS 
SENSITIVITY FEI D nha ee SENSITIVITY 
[tRROGAIE > 


MILLIVOLTS A CET ren Z Tr s MILUVOLIS 


REFRACTORY um Pu jug De REFRACTORY 
MILUSEC » iE fo MILLISEC 


INIERR INTERROGATE 


HYSTERE SIS HYSTERESIS 
MILLISED MILLISEC 


S% S 


Pacesetter UL — — nuu LJ Pacesetter (prea, — 


Turn on the programmer. The display 
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First pass radionuclide angiocardiography under conditions of rest and 
exercise was utilized to evaluate a group of 16 postoperative patients who 
had undergone total surgical correction of tetralogy of Fallot. Functional 
data were related to thallium-201 myocardial imaging at rest, a nonin- 
vasive means of detecting right ventricular hypertrophy. All 16 patients 
were asymptomatic and 15 demonstrated normal right ventricular ejection 
fraction (equal to or greater than 45 percent) at rest. However, 13 patients 
manifested abnormal right ventricular ejection fraction responses to ex- 
ercise (normal response is an absolute increment in an ejection fraction 
of 5 or greater percent). For the entire group, right ventricular ejection 
fraction at rest was 55 + 2 percent, whereas at exercise it was 52 02 
percent (p — not significant). In contrast, left ventricular ejection fraction 
responses were normal in all patients. Thallium-201 imaging revealed 
substantial right ventricular uptake consistent with residual right ven- 
tricular hypertrophy, which was quantifiable in all patients. Thus, abnor- 
malities in right ventricular performance during exercise may be detected 
readily by this radionuclide approach in these postoperative patients 
despite their asymptomatic clinical status and generally normal right 
ventricular performance at rest. 


Total surgical correction is the currently accepted form of therapy for 
tetralogy of Fallot. The operation generally results in substantial 
symptomatic improvement and restoration of the hemodynamic status 
toward normal. However, several postoperative studies have demon- 
stated both persistent right ventricular enlargement on echocardiog- 
raphy!? and the presence of residual abnormalities in cardiac perfor- 
mance that are demonstrable only or primarily under the provocation 
of exercise stress.?-? Thus, the chronically pressure-overloaded and 
hypertrophied right ventricle may not function totally normally even 
when an effective surgical procedure has been performed and the patient 
is symptomatically improved. Evaluation of right ventricular perfor- 
mance traditionally has necessitated invasive intracardiac catheter- 
ization, thereby limiting its utility somewhat for sequential study. M 
mode echocardiographic studies of right ventricular dimensions per- 
formed after operation in patients with tetralogy of Fallot have separated 
those with good surgical results from those with significant residual 
anatomic defects.! However, these echocardiographic techniques cannot 
readily assess the functional capabilities of the right ventricle under 
conditions of exercise stress. 

First pass radionuclide angiocardiography provides a noninvasive 
means for concomitant assessment of right and left ventricular perfor- 
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mance. With this technique, ejection fraction is calcu- 
lated directly from changes in radioactivity within the 
cardiac chamber; thus this technique is for the most part 
independent of ventricular geometry. With use of first 
pass radionuclide techniques developed and validated 
in this laboratory, right ventricular performance at rest 
or during exercise has been assessed in acute myocardial 
infarction,’ stable coronary artery disease!” and chronic 
obstructive pulmonary disease. 1-12 

In this study, we used first pass radionuclide angio- 
cardiography under conditions of rest and exercise to 
evaluate a group of postoperative patients who had 
undergone total surgical correction of tetralogy of Fallot. 
Radionuclide functional assessment of biventricular 
performance also was related to thallium-201 myocar- 
dial imaging at rest, a noninvasive means of detecting 
right ventricular hypertrophy.!4-16 


Methods 


Study patients: Sixteen patients (eight male, eight female) 
were studied an average of 10 years (range 1 to 16) after total 
surgical correction of tetralogy of Fallot. Their mean age at 
the time of study was 20 + 2 years (range 11 to 35). Nine pa- 
tients had undergone previous palliative surgery with Bla- 
lock-Taussig anastomosis at a mean age of 4 years (range 2 to 
7). Patients were selected for study on the bases of geographic 
availability and willingness to participate, irrespective of 
clinical status. 

Cardiac catheterization and angiography before total 
correction demonstrated the typical features of tetralogy of 
Fallot in all patients. Mean right ventricular systolic pressure 
was 92 mm Hg (range 73 to 140). Four patients had pulmonary 
valve stenosis in addition to infundibular stenosis. One patient 
had additional congenital aortic regurgitation. Total surgical 
correction consisted of closure of the ventricular septal defect 
and relief of the source of right ventricular outflow tract ob- 
struction. Four patients underwent infundibular resection 
without patching of the right ventricular outflow tract. The 
remaining patients required patch grafting of the outflow 
tract. Only one patient had a transanular infundibular patch. 
At the time of corrective surgery, associated cardiac abnor- 
malities also were corrected and Blalock-Taussig anastomoses 
were closed. 

Nine patients also had undergone postoperative cardiac 
catheterization and angiography. In these nine patients, the 
mean right ventricular outflow tract gradient at rest was 13 
mm Hg (range 0 to 23). Peak right ventricular systolic pressure 
postoperatively ranged from 25 to 55 mm Hg. No patient had 
a residual left to right intracardiac shunt. All patients were 
subsequently followed up with yearly physical examination, 
chest radiograph and electrocardiogram by a pediatric or adult 
cardiologist. 

At the time of radionuclide study, all patients were 
asymptomatic and in New York Heart Association functional 
class I." One patient was receiving digoxin for control of atrial 
tachyarrhythmias. Physical examination revealed a systolic 
ejection murmur in all patients. In 11 patients a diastolic 
murmur consistent with mild pulmonary regurgitation was 
demonstrated. No patient had clinical evidence of congestive 
heart failure or associated congenital or acquired heart disease. 
All patients had normal sinus rhythm. The electrocardiogram 
demonstrated right bundle branch block in 13 patients. In one 
patient electrocardiographic criteria for right ventricular 
hypertrophy was demonstrated and two patients had a normal 
electrocardiogram. Aside from expected postoperative ra- 


diologic findings, 13 patients had a normal chest radiograph. 
In two patients right ventricular prominence was seen at ra- 
diography; and in one patient, a right-sided aortic arch was 
present. 


Radionuclide Techniques 


All patients were studied with both first pass radionuclide 
angiocardiography at rest and during exercise and thallium- 
201 myocardial imaging at rest. In each instance the thallium 
imaging study was obtained before the radionuclide angio- 
cardiography was performed. Informed consent was obtained 
from each patient and if the patient was a minor, additionally 
from his parents. 

First pass radionuclide angiocardiography: This pro- 
cedure was performed at rest and again at peak exercise using 
a computerized multicrystal scintillation camera (Cordis- 
Baird System-77, Bedford, Massachusetts). For both studies 
patients were placed in the anterior position while seated 
upright on a bicycle ergometer (Tunturi Co., Bellevue, 
Washington). Electrocardiograms were obtained with a four 
lead (aVR, Vo, V4, Ve) system on an electrocardiographic re- 
corder and oscilloscopic display (Hewlett-Packard 1500 A, 
Waltham, Massachusetts). The baseline measurements of 
heart rate and blood pressure were obtained before the ra- 
dionuclide study at rest was performed. An 18 gauge in- 
dwelling polyethylene catheter was placed in an antecubital 
vein to facilitate injection of radioisotope. Ten to 15 minutes 
was allowed to pass after placement of the catheter in order 
to minimize sympathetic activity associated with venipunc- 
ture. A radionuclide angiocardiogram at rest was performed 
utilizing 10 to 15 mCi of technetium-99m sulfur colloid dis- 
solved in less than 1 ml of saline solution. Because this ra- 
dionuclide is cleared from the blood pool by the reticulo- 
endothelial system within 10 to 15 minutes, a second study can 
be performed with minimal background vascular activity. 

Graded upright bicycle exercise was begun 15 minutes after 
the study at rest and was performed with progressive incre- 
ments in a work load of 150 kpm/min every 3 minutes starting 
at 300 kpm/min. Heart rate, blood pressure and electrocar- 
diograms were recorded before each increment in work load. 
All patients exercised to the end point of fatigue irrespective 
of heart rate achieved. The exercise radionuclide angiocar- 
diogram was obtained at the peak exercise level utilizing 10 
to 15 mCi of technetium-99m pertechnetate. As the radio- 
nuclide injection was made, patients were instructed to stop 
pedaling abruptly. Data were recorded as the bolus injection 
of radionuclide traversed the central circulation without 
motion artifacts caused by continuous exercise. Data collec- 
tion were completed within 5 to 10 seconds. This same tech- 
nique has previously been used to assess reliably right and left 
ventricular performance during conditions of exercise 
Stress.10.18 

Right ventricular and left ventricular ejection fractions 
were determined by techniques developed, validated and 
standardized in our laboratory.!"!9 The normal value for right 
ventricular ejection fraction is 45 percent or greater. Using this 
technique, we have been able to demonstrate abnormalities 
in right ventricular ejection fraction at rest in acute myocar- 
dial infarction, chronic obstructive pulmonary disease!! and 
cystic fibrosis.?? Furthermore, the technique is sufficiently 
sensitive to detect augmented performance in response to 
inotropic stimuli such as isoproterenol,!! aminophylline!? or 
exercise.!? Measurements of left ventricular ejection fraction 
by first pass techniques have been shown to correlate closely 
with angiographic determinations.? The normal value for this 
laboratory is 55 percent or greater. The technique is repro- 
ducible, has a low intrinsic variability?! and is sufficiently 
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sensitive to detect changes in cardiac performance resulting 
from both positive and negative inotropic stimuli.!9.22 

Previous studies from this laboratory have demonstrated 
that, in normal subjects without cardiopulmonary disease, 
right and left ventricular ejection fraction change by an ab- 
solute increment of at least 5 percent in response to maximal 
exercise stress.1918 The one exception to this rule occurs in 
subjects with greatly elevated left ventricular performance 
at rest (75 percent or greater). In these subjects a normal left 
ventricular response has been defined by either the previously 
noted augmentation in ejection fraction of at least 5 percent 
or the lack of any decrease in ejection fraction. 

Thallium-201 myocardial imaging: This procedure was 
performed using a conventional scintillation camera (Picker 
Dynamo) after the injection of 0.8 to 1.3 mCi of thallium-201 
as thallous chloride (New England Nuclear, North Billerica, 
Massachusetts). Two hundred fifty thousand count images 
were obtained in the anterior, 45? left anterior oblique and left 
lateral positions on Polaroid? film. An interfaced dedicated 
computer (Medical Data Systems, Ann Arbor, Michigan) was 
utilized for background subtraction and count density analysis 
of the analog images. Previous investigations have shown that 
in normal subjects at rest the right ventricle is not identified 
with thallium-201 myocardial imaging.?? Visualization of the 
right ventricular myocardium with the patient at rest implies 
hypertrophy of this cardiac chamber or acute volume or 
pressure overload.!4^-!6 However, with exercise the right 
ventricle generally is visualized with thallium-201 myocardial 
imaging because of increased right ventricular coronary blood 
flow and decreased background.?4 

To define, in part, the magnitude of abnormal right ven- 
tricular thallium uptake in this study group, right ventricu- 
lar/left ventricular thallium count density ratios were obtained 
from the image data. Regions of interest from the visualized 
free walls of the right and left ventricles in the left anterior 
oblique thallium image were selected manually. Care was 
taken to assure that only myocardial zones were included in 
these regions and that they were of comparable size and ob- 
tained at a comparable intracardiac level. The average number 
of thallium counts per pixel was determined for each ven- 
tricular region; their ratio was expressed as the right left 
ventricular count density ratio. 'The activity ratio obtained 
from thallium data at rest in the study group was compared 
with that obtained from exercise thallium images in a group 
of 11 patients with angiographically normal coronary arteries 
and no associated valvular, congenital or hypertrophic cardiac 
disease. 

Data analysis: Data are presented as mean + standard 
error of the mean. Comparisons between data at rest and 
during exercise were made by paired t test. Data were ana- 
lyzed independent of any knowledge concerning clinical status 
or the actual performance of the exercise study. 


Results 


Exercise testing: All patients performed graded 
upright bicycle exercise to the end point of fatigue. No 
patient had chest pain, electrocardiographic evidence 
of ischemia or arrhythmias either during or after exer- 
cise. Peak heart rate achieved at the time of the exercise 
radionuclide study averaged 148 + 6 beats/min (range 
115 to 170). Mean rate-pressure product at peak exercise 
was 196 + 16 X 10? beats/min X mm Hg (132 X 10? to 
272 X 102). 

Right ventricular ejection fraction (Fig. 1): In the 
resting state right ventricular ejection fraction averaged 
55 + 2 percent (range 44 to 64 percent). Only one patient 


POSTOPERATIVE TETRALOGY OF PRD pent 


demonstrated abnormal right ventricular ejection 
fraction at rest. There was no significant difference in 
right ventricular ejection fraction at rest between pa- 
tients who required outflow patch grafts and those who 
had infundibulectomy alone (52 + 2 versus 55 + 3 per- 
cent). 

Thirteen of the 16 patients demonstrated an ab- 
normal right ventricular ejection fraction response to 
exercise. In five patients, exercise right ventricular 
ejection fraction decreased substantially (by an absolute 
decrement of 5 percent or greater), whereas in eight 
patients ejection fraction was unchanged with exercise. 
For the entire group, mean right ventricular ejection 
fraction at peak exercise was 52 + 2 percent (range 44 
to 65 percent), which was not a significant change from 
the study with the patients at rest. There also was no 
significant difference in exercise values between pa- 
tients with or without outflow tract grafts (50 + 2 versus 
52 + 2 percent). 

Left ventricular ejection fraction (Fig. 1): Left 
ventricular ejection fraction at rest was normal in all 
patients (mean value 73 + 2 percent; range 60 to 89 
percent). In contrast to right ventricular responses, the 
value increased significantly in response to exercise (84 
+ 1 versus 73 + 2 percent, p <0.05). The ejection frac- 
tion response was normal in each patient. In 11 patients 
ejection fraction increased by 5 percent or more with 
exercise. In five patients with elevated left ventricular 
ejection fraction at rest, there was no major change in 
response to exercise. Mean left ventricular ejection 
fraction at rest in these five patients was significantly 
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FIGURE 1. Postoperative right ventricular (RV) and left ventricular (LV) 
ejection fractions at rest and during exercise in the study group of pa- 
tients with tetralogy of Fallot. Each of the 16 patients is indicated by 
closed circles connected by lines. The mean values for each set of data 
are indicated by open circles. In the group as a whole right ventricular 
ejection fraction does not augment with exercise whereas left ven- 
tricular ejection fraction increases significantly. p = probability; N.S. 
= not significant. 
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greater than that in patients whose ejection fraction 
increased with exercise (85 versus 69 percent, p «0.05). 
No patient had a reduction (greater than 5 percent) in 
left ventricular ejection fraction with exercise. 

Thallium-201 myocardial imaging (Fig. 2): 
Thallium-201 myocardial imaging at rest revealed in 
each patient substantial right ventricular thallium 
uptake consistent with residual right ventricular hy- 
pertrophy. Left ventricular thallium perfusion patterns 
were normal in each patient. These images were dis- 
tinctly different from images obtained in normal 
subjects, whose right ventricular uptake is generally not 
apparent at rest. Left ventricular thallium count density 
ratios at rest in the study group averaged 0.61 (range 
0.42 to 0.76). Such a ratio could not be calculated in 
normal subjects at rest because of their undetectable 
right ventricular thallium uptake. This ratio also was 
significantly greater than noted in exercise thallium 
images obtained in a group of 11 normal subjects (ratio 
— 0.50, p «0.05) whose right ventricular uptake was 
clearly evident only with exercise and not present in a 
separate study at rest. 


Discussion 


Comparison of cardiac performance under conditions 
of rest and exercise stress provides pathophysiologic and 
clinical insights that would not be attainable if patients 





FIGURE 2. Representative postoperative thallium-20 1 image in the left 
anterior oblique position. The count profile through the mid portion of 
the myocardial image shown below indicates regions corresponding 
to the left ventricular free wall (LV), interventricular septum (S) and right 
ventricular free wall (RV). The marked right ventricular thallium-20 1 
uptake is comparable in degree with that seen in the left ventricle. 


were studied in the resting state alone. This is particu- 
larly true for the assessment of right and left ventricular 
ejection fraction measurements and has been docu- 
mented amply in patients with coronary artery dis- 
ease,!5?5 valve disease,?96?7 and pulmonary dis- 
ease.11-1520 Qur study demonstrates the application of 
this radionuclide approach to the study of the postop- 
erative patient with congenital heart disease. 

Anatomic distortion of the right ventricle after sur- 
gery may make selection of the right ventricular region 
of interest more difficult than in patients with other 
disease entities. However, at long-term follow-up 
evaluation only 1 of 16 postoperative patients demon- 
strated abnormal right ventricular performance at rest. 
In contrast, 13 of 16 patients manifested abnormal right 
ventricular exercise reserve. This exercise-induced 
abnormality occurred in the presence of normal left 
ventricular performance on exercise and thallium-201 
imaging evidence of substantial residual right ventric- 
ular hypertrophy. The occurrence of these abnormali- 
ties in the absence of any cardiovascular symptoms is 
concordant with recent observations made at the time 
of cardiac catheterization?? and points out the need to 
apply objective noninvasive techniques in the serial 
study of this patient group. The radionuclide approach 
presented in this report may be appropriate for such 
long-term sequential study because it provides biven- 
tricular functional data under varying physiologic 
conditions as well as anatomic data concerning the 
presence and degree of residual right ventricular hy- 
pertrophy. However, the potential prognostic impact 
of these measurements will require further long-term 
studies. 

Mechanisms for abnormal right ventricular ex- 
ercise reserve after total surgical correction of 
tetralogy of Fallot: There are several potential 
mechanisms, including results of the previous right 
ventricular incision and subsequent scarring, presence 
of an outflow tract patch, residual right ventricular 
outflow tract obstruction or intracardiac shunt, pul- 
monary regurgitation, persistent nonresolving right 
ventricular hypertrophy and residual pulmonary vas- 
cular disease secondary to previous palliative shunts. 
Although postoperative cardiac catheterization data are 
available in only a portion of our asymptomatic study 
group, the data indicate that neither residual major 
outflow tract obstruction nor an intracardiac shunt was 
the responsible factor in those patients so studied. 
Previous hemodynamic studies have also demonstrated 
abnormalities in both systolic and diastolic right ven- 
tricular performance during exercise. These abnor- 
malities have involved an inadequate increment in 
stroke volume, an increase in right ventricular outflow 
tract gradient and a substantial elevation of right ven- 
tricular end-diastolic pressure.?-?7,8 

Clinical studies have indicated that both the presence 
and the type of outflow tract patch affect operative 
survival." Hemodynamic and angiographic studies at 
rest have shown that postoperative right ventricular 
performance may also depend to a large extent on the 
amount of reconstruction of the right ventricular out- 
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flow tract and pulmonary regurgitation. Graham et al.°° 
found normal right ventricular end-diastolic volumes 
postoperatively in patients without outflow patch grafts, 
whereas end-diastolic volume was increased in seven of 
eight patients requiring more extensive surgical resec- 
tion. À similar relation was found with right ventricular 
ejection fraction. The group requiring reconstruction 
of the right ventricular outflow tract tended to have 
moderate to severe pulmonary regurgitation, suggesting 
that volume overload may be a significant factor in 
postoperative right ventricular dysfunction. In the 
present investigation only one patient demonstrated 
abnormal basal right ventricular performance; although 
the number of patients in each group is small, the 
presence of an outflow patch graft did not appear to be 
a major determinant of right ventricular performance 
at rest or exercise reserve. 

Left ventricular performance: In this study, all 
patients demonstrated normal left ventricular perfor- 
mance and exercise reserve. These data are in basic 


agreement with those of Rosing et al.,?! who performed 
equilibrium gated left ventricular cardiac blood pool 
imaging in 21 asymptomatic postoperative patients at 
rest and during exercise a mean of 9.5 years after sur- 
gery. The majority of their patients exhibited abnor- 
malities in right ventricular function, manifested by 
echocardiographic chamber enlargement and abnormal 
hemodynamic responses to exercise, whereas left ven- 
tricular exercise performance was normal. Thus, dis- 
sociation of abnormal right and normal left ventricular 
function can be ascertained noninvasively. 

Sudden death is a clinical problem in this postop- 
erative group. Appropriate radionuclide data, when 
combined with ambulatory electrocardiographic mon- 
itoring, may provide additional insights into the issue 
of postoperative sudden death in this condition.?? 
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Two newborn infants with severe cardiac failure caused by a large ce- 
rebral arteriovenous communication were studied with complete cardiac 
catheterization, indicator-dilution curves and angiography. In one infant, 
studied at age 10 hours, a large right to left shunt through the patent ductus 
was seen with retrograde aortic flow into the left carotid artery. The entire 
flow in the descending aorta was supplied from the ductus. The second 
infant, studied at age 5 days, had a 20 percent right to left shunt through 
the foramen ovale and the ductus was closed. Hypoxia was caused by 
inadequate oxygenation of pulmonary venous blood, atrial right to left 
shunting and possibly ductal right to left shunting. The hemodynamic 
findings in cases of cerebral arteriovenous fistula would seem to depend 
on the patient's age at the time the studies are carried out and the severity 
of the lesion. Cardiac output was more than twice the normal value and 
blood flow through the arteriovenous fistula was probably greater than 
4 liters/min per m?. 


It has been well documented that cerebral arteriovenous communications 
may cause severe heart failure in infants and that patients with such 
communications may present primarily with cardiac signs and symptoms 
such as cyanosis, heart murmurs, congestive heart failure, cardiac en- 
largement and electrocardiographic changes. Holden et al.! in 1962 re- 
viewed 26 such cases, adding 8 others, and suggested that heart failure 
in these infants led to a peripheral type of cyanosis. Catherization data 
reported by Hope and Izakawa? in six patients suggested a different 
mechanism for the cyanosis: mainly a combination of atrial and ductal 
right to left shunts in addition to problems with oxygenation in the lungs. 
In these previous studies the oximetry data were incomplete and indi- 
cator-dilution curves were not recorded so that the magnitude and lo- 
cation of the shunting could not be documented exactly. This study re- 
ports such data in two neonates with a cerebral arteriovenous fistula to 
provide additional information on the magnitude and direction of the 
intracardiac and pulmonary shunts in such infants. 


Methods 


Indicator-dilution curves were obtained by injecting indocyanine dye into 
the central circulation through cardiac catheters and by sampling blood at a flow 
rate of 20 ml/min from either the descending aorta by way of an umbilical arterial 
catheter (Patient 1) or the femoral artery cannulated with a no. 20 Cournand 
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TABLE | 


Cardiac Catheterization Data 
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Patient 1 Patient 2 
Oz Sat* Pressures O; Satt Pressures 
Site (96) (mm Hg) (96) (mm Hg) 

IVC 39 — 58 — 
SVC 58 c 83 — 
JV 76 — 86 — 
RA 59 8 73 7 
RV 57 60/15 74 85/11 
PA 57 61/35 (48)* 74 80/38 (58)* 
PV 84 — 94 — 
LA 75 8 90 7 
LV 75 60/15 90 80/13 
Ao-FA 57 61/40 (46)* 90 77/50 (62)! 


* Breathing 100 percent oxygen by “bagging” and intubation. 

* Breathing room air. 

* Pressures in parentheses are mean values. 

Ao-FA = aorta-femoral artery; IVC = inferior vena cava; JV = jugular 
vein; LA — left atrium; LV — left ventricle; PA — pulmonary artery; PV 
= pulmonary vein; RA = right atrium; RV = right ventricle; Sat = sat- 
uration; SVC = superior vena cava. 


needle (Patient 2). A Waters dichromatic densitometer 
was used and calibration employed the dynamic method of 
Shinebourne et al.? This method can yield calibrated indica- 
tor-dilution curves at catheterization in a sick neonate with 
negligible blood loss, while the flushing solutions can be kept 
to about 5 cc of heparinized 5 percent glucose in distilled water 
per curve. 


Case Reports 


Patient 1: A cyanotic and unresponsive new born infant 
weighing 3.8 kg was intubated and given assisted ventilation 
almost immediately after birth. The umbilical artery and vein 
were cannulated in the delivery room and the infant was given 
10 mEq of bicarbonate. Because of obvious congestive heart 
failure, 3 mg of furosemide and 0.12 mg of digoxin were also 
given. When the infant was breathing 100 percent oxygen, 
aortic blood PO» was 23 torr. A grade 3/6 systolic murmur was 
present over all the chest and it was realized in retrospect that 
a continuous murmur was present over the cranium. Cardiac 
catheterization was carried out at age 10 hours and death oc- 
curred at age 26 hours, before surgery could be arranged. 

Patient 2: A 3.5 kg infant was transferred to this hospital 
at age 5 days with mild cyanosis, a hyperdynamic precordium 
and cardiomegaly on chest roentgenography. Femoral and 
brachial arterial pulses were diminished, there was a grade 2/6 


TABLE llil 


Patient 2: Blood Gas Measurements With the Patient 
Breathing Room Air and 100 Percent Oxygen 


Room Air 100 Percent Oxygen 








PO» pH PCO. PO, pH PCO. 


Jugular vein 55 7.34 35 83 7.23 41 
Femoral artery 53 7.35 27 374 7.34 34 


TABLE Il 
Derived Catheterization Data 


ene e c penne ee 


Patient 1 Patient 2 


Pulmonary a-v oxygen difference (ml/100 ml) — 5.89 4.60 
Systemic a-v oxygen difference (ml/100 ml) 2.40 3.68 
Assumed oxygen intake (ml/min) 32.4 30.6 
Pulmonary blood flow (liters/min) 550 829 
Systemic blood flow (liters/min) 1350 1051 
Pulmonary/systemic flow ratio 0.67 0.80 
Pulmonary vascular resistance (units/m?) 16 12 


a-v — arteriovenous. 


systolic ejection murmur along the left sternal edge and a 
cranial bruit specifically looked for was not discovered (even 
in retrospect). Tachypnea and liver enlargement were present 
and cardiac catheterization and angiography were carried out 
4 hours after admission. The diagnosis of cerebral arteriove- 
nous fistula was established and the symptoms of cardiac 
failure lessened after administration of digoxin and furo- 
semide. The parents refused surgical intervention for their 
child, cardiac failure recurred, and the baby died at age 8 
weeks of heart failure and aspiration. 


Results 


Hemodynamics 


Oxygen saturations and vascular pressures are given in 
Table I. In Patient 1 the mean pulmonary arterial pressure 
was slightly higher than the mean systemic pressure. Right 
and left atrial pressures were equal and high ventricular 
end-diastolic pressures were in keeping with the clinical evi- 
dence of cardiac failure. In Patient 2 the right and left ven- 
tricular pressures were essentially equal, right ventricular 
end-diastolic pressure was elevated and the mean pulmonary 


Appearance 
Times 


6.8 Sec 


3.5 Sec 


2.9 Sec 





FIGURE 1. Patient 1. Indicator-dilution curves. Arrows indicate the time 
of injection and letters denote the site of injection of indicator dye; 
sampling was done from the umbilical arterial catheter placed in the 
abdominal aorta. Chart speed is 5 mm/s. Longer appearance times for 
left atrial (LA) and left ventricular (LV) injections indicate the absence 
of blood flow from the ascending to the descending aorta. IVC = inferior 
vena Cava; RV = right ventricle. 


1020 May 1980 The American Journal of CARDIOLOGY Volume 45 





e 


LATEST bebe: 
I FHTTITETEEH 
tejs p: + * 
[7j * * 
S 
1 
t4 t t 


SV C^: 


mS 


NEONATAL CEREBRAL ARTERIOVENOUS FISTULA—CUMMING * 






FIGURE 2. Patient 2. Indicator-dilution curves with 0.67 mg dye injected for the left atrial (LA) curve and 1.0 mg injected for all other curves. No 
definite shunt is evident from the right ventricular (RV) and left atrial curves. Early-appearing dye from injections into the inferior vena cava (IVC) 
and superior vena cava (SVC) indicate right to left shunts of 26 and 12 percent, respectively. 


arterial pressure was slightly less than the mean systemic 
pressure. 

Oximetry in Patient 1 revealed a greatly reduced femoral 
arterial oxygen saturation, a lower saturation in the left atrium 
than in the pulmonary vein and a lower saturation in the de- 
scending aorta than in the left ventricle. The oxygen satura- 
tion of the blood was higher in the jugular vein than in the left 
atrium. In Patient 2 oxygen saturation was higher in the 
pulmonary vein than in the left atrium, suggesting a small 
right to left atrial shunt, and was the same in the left ventricle 
and femoral artery because there was no ductal right to left 
shunt. Oxygen saturation in the jugular vein was 86 percent, 
well above that of any other site on the right side of the 
heart. 

Derived hemodynamic data are listed jn Table II. Pul- 
monary vascular resistance was high in Patient 1 (even for age 
10 hours) and was high in Patient 2 at age 5 days. Patient 1 was 
breathing 100 percent oxygen throughout the catheterization 
procedure. A bag was placed over the head of Patient 2 and 
oxygen administered at 16 liters/min for 10 minutes. Arterial 
PO» increased from 53 to 374 (expected value, 500 torr) (Table 
III). The reduced value could be explained by the atrial right 
to left shunt of 10 percent evident on the indicator-dilution 
curves rather than by poor pulmonary oxygenation. 


Indicator-Dilution Curves 


In Patient 1 (Fig. 1) the indicator-dilution curves from the 
left atrial and left ventricular injections revealed similar 
long-appearance times of 6.8 seconds, indicating that no left 
ventricular blood reached the sampling site in the descending 
aorta directly. The appearance time after right ventricular dye 
injection was only 2.9 seconds, suggesting that considerable 
indicator reached the descending aorta early because of a 
ductal right to left shunt. After injection into the inferior vena 
cava, early-appearing dye was seen in lesser concentration 
than that observed after the right ventricular injection because 
much of the inferior vena caval blood crossed the foramen 
ovale to enter the left atrium. A comparison of the areas under 
the initial parts of the inferior vena cava and right ventricular 
curves (forward triangle method)^ indicated that about 70 
percent of inferior vena caval blood probably entered the left 
atrium and about 30 percent entered the right ventricle. It is 
not possible to calculate systemic output or pulmonary blood 
flow from these curves. However, because no left ventricular 
blood entered the descending aorta (and given the assumption 
of uniform mixing of the dye injected into the right ventricle), 


the area under the curve inscribed after the right ventricular 
injection could be used to calculate total right ventricular 
output. The value obtained was 1,740 cc/min. 

The indicator curves from Patient 2 (Fig. 2) revealed 12 and 
6 percent right to left shunts from the superior and the inferior 
vena cava, respectively, through the foramen ovale. The right 
ventricular injection ruled out any ductal right to left shunt 
and left atrial injection showed absence of any left to right 
shunting; these curves were used to calculate systemic blood 
flow (mean 1,352 ml/min). 





FIGURE 3. Patient 1. Left ventricular angiogram, frontal view, showing 
generalized cardiomegaly and apparent interruption of the aorta. The 
descending aorta and left subclavian artery were supplied by blood 
traversing the ductus arteriosus. Huge common carotid vessels are 
evident on both sides. 
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FIGURE 4. Patient 1. Cerebral angiogram obtained by injecting contrast 
medium into the aorta. Gross enlargement of the arterial and particularly 
the venous channels is seen. 


Angiograms 


The left ventricular angiogram in Patient 1 (Fig. 3) showed 
filling of the ascending aorta and the carotid vessels, but not 
of the descending aorta or left subclavian artery. A cinean- 
giogram, with contrast injection into the pulmonary artery, 
disclosed a right to left ductal shunt and opacification of the 
left subclavian artery and descending aorta and also some 
retrograde filling of the aortic arch and the left carotid artery. 
The massive intracranial vessels (Fig. 4) took all of the as- 
cending aortic blood flow so that no left ventricular blood 
reached the descending aorta directly, thus confirming the 
result of the indicator curve studies. 

The left ventricular angiogram in Patient 2 (Fig. 5) showed 
the large intracranial vessels and opacification of both the 
descending and the ascending aorta. 

Left ventricular volumes were calculated from the lateral 
and frontal plane angiograms with the formulas of Dodge et 
al^ (Table IV). The cardiac output values obtained by dye- 
dilution studies and angiography in Patient 2 were within 10 
percent of each other. The average cardiac index for normal 
infants in this laboratory is about 4 liters/min per m? (in the 
infants under study about 700 ml/min). By assuming a normal 


TABLE IV 
Left Ventricular Angiographic Measurements 
Patient 1 Patient 2 

LV end-diastolic volume (cc) 17.0 14.3 
LV end-systolic volume (cc) 4.1 4.4 
Stroke volume (cc) 12.9 9.9 
Heart rate (beats/min) 121 148 
LV output (cc/min) 1561 1465 
LV cardiac index (liters/min per m?) 8.67 8.62 
Ejection fraction 0.76 0.69 


LV = left ventricular. 





FIGURE 5. Patient 2. Left ventricular angiogram visualizing the cranial 
vessels. Large carotid arteries are evident bilaterally and early filling 
of the large vein of Galen has occurred. Generalized cardiomegaly is 
present. 


output to the rest of the systemic system, it can be calculated 
that about 800 ml/min would be traversing the arteriovenous 
fistula in these babies. Because systemic blood flow, apart 
from the flow through the fistula, was probably decreased as 
a result of cardiac failure, the true value for the blood flow 
through the fistula was probably greater. 


Discussion 


Circulatory adjustments to cranial arteriovenous 
fistula: When an arteriovenous fistula is present in a 
newborn infant in the process of adjusting to extrau- 
terine existence, the interactions of the various vascular 
resistances and the overload from the fistula lead to 
complex circulatory adjustments. The presence of the 
arteriovenous communication creates a low resistance 
pathway in the systemic circulation that could theo- 
retically augment any right to left ductal shunting 
should the pulmonary vascular resistance be elevated. 
The large venous return to the right atrium would 
possibly augment any right to left shunting at the atrial 
level. However, if all the right ventricular blood tra- 
versed the lungs, the high venous return to the left 
atrium would counteract this and tend to close the flap 
over the foramen ovale. If a large ductal right to left 
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shunt were present, left atrial volume flow might be less 
than right atrial flow, facilitating atrial right to left 
shunting. With the low vascular resistance in the cra- 
nium, left ventricular output is usurped to the head, 
potentially leaving the descending aorta and left arm 
to be supplied by right to left ductal flow. The lung re- 
sistance vessels may remain constricted in the face of 
a high right ventricular output, keeping the pulmonary 
arterial pressures higher than systemic pressures. With 
an open ductus arteriosus, the increased right ventric- 
ular output in the presence of a high pulmonary vascular 
resistance would produce a large ductal right to left 
shunt. These circulatory burdens favor the persistence 
of a fetal type of circulation, and this is exactly what was 
found in Patient 1, who was severely ill when studied at 
age 10 hours. 

Fetal anatomic and functional changes produced 
by the fistula: It is interesting to speculate on the an- 
atomic and functional changes such fistulas might 
produce in the developing fetus. If descending aortic 
flow is reduced because no flow from the ascending 
aorta goes around the arch, then coarctation of the aorta 
or hypoplasia of the isthmus of the aorta might be ex- 
pected, but this has not been reported. Blood entering 
the aorta from the ductus may flow retrograde to the left 
carotid artery to allow normal development of the aortic 
isthmus. The carotid arteries and all intracranial vessels 
involved in the increase in blood flow will be large, as 
will be the jugular veins and the superior vena cava. The 
right side of the heart will be dilated because the supe- 
rior vena caval flow preferentially enters the right 
ventricle. The ductus arteriosus might be expected to 
be especially large because it must handle the increase 
in right ventricular volume flow, provided that the 
pulmonary circulation remains normally low. If much 
of the ductal flow goes to the cranium in a retrograde 
fashion, the umbilical arterial blood flow might even be 
reduced. The low resistance cerebral and placental 
circulations are in competition for blood flow until the 
placental circulation terminates at birth. Whether a 
deficiency of the fetal placental circulation actually 
occurs and what effect this has on the fetal development 
are not known. 

Whether the proposed enlargement of the fetal 
ductus leads to any problems in its closure is likewise 
unknown. Patient 2 at age 5 days did not have a func- 
tioning ductus. Autopsy findings reported by Holden 
et al.! indicated a heart weight more than twice the 
norm in these patients, but no consistent patterns for 
ventricular wall thickness or size of the ductus or fora- 
men ovale were noted. 

Cardiac failure in the fetus: Apparently, severe 
cardiac failure does not develop in the fetus because 
neonates with cerebral arteriovenous fistulas have not 
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been small for age nor have they been edematous at 
birth, yet the heart weight in these infants dying at a few 
days of age may be twice the norm, indicating a signif- 
icant circulatory overload in the fetus. The reason for 
the absence of circulatory failure in the fetus is not 
certain. It is possible that with the low resistance pla- 
cental circulation competing with the cerebral arterio- 
venous shunt, actual flow through the shunt is not as 
great in the fetus as it is after birth, but if total cardiac 
output were the same in the fetus as it is after birth, then 
cardiac failure should be expected in utero as well as 
within a few hours of birth. It is hypothesized that in the 
fetus the left ventricle totally supplies the fistula and 
the right ventricle totally supplies the placenta and 
lower part of the body, so that the circulatory overload 
is shared between the two ventricles, which function in 
parallel. After birth the entire circulation must be sus- 
tained by each ventricle in series if complete adjustment 
occurs, so that the burden on each ventricle is increased 
and cardiac failure ensues. 

Role of indicator-dilution curves: Previously re- 
ported studies have not contained sufficient oximetry 
data to confirm the possibility of central right to left 
shunts and data from indicator-dilution curves have not 
previously been reported in patients with cerebral ar- 
teriovenous fistula. Although many pediatric cardiology 
laboratories function very well without the use of indi- 
cator curves, and anatomic information for the surgeon 
is best obtained from high quality angiograms, quanti- 
tation of complex circulatory pathways is sometimes 
best obtained with indicator curve studies. With com- 
binations of atrial right to left shunting, ductal right to 
left shunting and poor oxygenation in the lungs, it may 
be difficult to assess with oximetry alone the contribu- 
tion of each to a low arterial PO». 

Diagnosis of cerebral arteriovenous fistula: Large 
cerebral arteriovenous communications are not common 
and the clinical diagnosis is difficult. This diagnosis was 
entertained in Patient 2, but no intracranial bruit could 
be heard. Our patients had larger fistulas and more se- 
vere changes than many reported previously. The he- 
modynamic findings may depend on the age when the 
patients are studied, infants 1 to 2 days of age showing 
a persistent fetal circulation and older infants showing 
high output cardiac failure with or without right to left 
shunting at the atrial level. 

Arteriovenous fistulas are a diagnostic possibility in 
any infant with heart failure. In the catheterization 
laboratory the diagnosis of cerebral arteriovenous fistula 
should be considered whenever the oxygen content is 
higher in the superior vena cava than in the inferior vena 
cava or when angiography demonstrates a large aortic 
arch and carotid arteries or retrograde filling of a large 
aortic arch from the ductus arteriosus. 
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Exercise, a physiologic stress, has been used in adults to unmask ab- 
normalities of left ventricular hemodynamics not detectable at rest. Similar 
data in children are not available. An evaluation was made of the feasi- 
bility, safety and value of a graded upright and supine ergometer stress 
test to assess exercise hemodynamics during cardiac catheterization in 
21 children with left-sided cardiac disease. The catheterization technique 
involved the simultaneous recording of intracardiac and great vessel 
pressures, thermodilution cardiac index and M mode echocardiograms 
of the left ventricular cavity. The method appears practical and safe. Al- 
though hemodynamic responses varied among clinical groups, the lack 
of control data currently prevents assessment of the value of this technique 
for long-term management. 


Studies in adults have shown that exercise evaluation of patients with 
atherosclerotic heart disease can unmask abnormalities in cardiac 
function not detected at rest.!:2 However, there are few reports of he- 
modynamic studies during exercise in children with left-sided congenital 
or acquired heart disease,?-? and no consistent exercise abnormalities 
have been reported that might detect subtle degrees of left ventricular 
dysfunction. In this study we attempted to establish a method for de- 
tailed analysis of hemodynamic responses to stress in order to determine 
the feasibility, safety and value of a graded upright and supine ergometer 
stress test and to assess exercise hemodynamics during cardiac cathe- 
terization in children with left ventricular pressure or volume overload, 
or both, or muscle function abnormalities. We describe our methods and 
our initial observations on the type and scope of information that can 
be obtained in children. Because there are few normal data in children 
for comparison," we cannot state at this time whether long-term 
prognosis can be predicted from the method used. 


Methods 


Study patients: The patients were selected from those admitted for routine 
hemodynamic assessment. The protocol was approved by the Committee on 
Human Experimentation of The Hospital for Sick Children and the University 
of Toronto. Informed written consent was obtained for study from the parents 
or patient. Patients were included if they were over age 7 years and had a left- 
sided cardiac abnormality and no left to right shunt. Twenty-three patients were 
studied, but data in three were not usable because the high fidelity catheter could 
not be placed into the left ventricle in two patients and local pain in the right 
arm prevented use of the brachial artery in one patient. The remaining 20 pa- 
tients were grouped according to anatomic diagnosis (Table I): 13 patients with 
left ventricular pressure overload, Group I; 3 patients with left ventricular volume 
overload, Group II; 3 patients with both pressure and volume overload, Group 
III; and 1 patient with congestive cardiomyopathy, Case 20. 

Precatheterization procedures and upright exercise testing: The day 
before cardiac catheterization each patient was examined and an electrocardi- 
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ogram, chest radiograph and M mode echocardiogram were 
performed. Maximal voluntary ventilation was recorded on 
a 9 liter spirometer (Collins, Braintree, Massachusetts). 

With two physicians present, each child performed the 
simple type of progressive exercise test described by Godfrey 
et al,? using an electronically braked cycle ergometer (model 
AM368, Elema-Schonander, Stockholm, Sweden). Heart rate 
and a CM; electrocardiogram were monitored by telemetry 
(model CDC 70, Medcraft, Dallas, Texas), whereas respiratory 
rate was measured with a thermistor at the mouth. Ventilation 
was recorded with a custom made valve box and dry gas meter 
(model CD4, Parkinson Cowan, Manchester, England) on the 
inspired line. Arterial oxygen saturation was measured with 
an ear oximeter (model 47201 A, Hewlett-Packard, Waltham, 
Massachusetts). 

The measurements were begun at rest to accustom the child 
to the apparatus, and then the work load on the ergometer was 
increased every minute until exhaustion occurred or clearly 
pathologic electrocardiographic changes were observed. The 
increases in work load were in fixed amounts, dependent on 
the patient's height. The cardiopulmonary variables were 
recorded continuously on a Hewlett-Packard eight channel 
recorder and the responses over the last 10 seconds of each 
work load were sampled, analyzed and printed by computer 
(Nova 2, Data General Corporation, Southboro, Massachu- 
setts). T'he percent predicted work load as well as the venti- 
latory data were calculated in comparison with normal 
data.? 

Cardiac catheterization: On the day of cardiac cathe- 
terization, the patients were mildly sedated (meperidine, 1 to 
1.5 mg/kg orally and diazepam, 0.2 to 0.3 mg/kg orally) so that 
they could cooperate at the time of supine ergometry. The 
right antecubital fossa was used for catheter entry. A solution 
of 2 percent xylocaine was administered for local anesthesia 
after a 1 percent solution was found to be inadequate in the 
first two patients studied. The high fidelity catheters placed 
by percutaneous technique into the right brachial artery for 
measurements of left ventricular and aortic pressures were 


TABLE | 


Clinical Data in 20 Patients 
Dos eni woe o ieu O ee E UN 


Age (yr) 
Group Case Mean Range Diagnosis 
Pressure 
overload 
la 1-6 13.5 11-168 Aortic valve or subvalve 
stenosis; trivial or no 
aortic regurgitation 
Ib 7—13 12.06 10-17 Coarctation of the aorta 
Volume 
overload 
lla 14,15 15.0 314-16 Aortic regurgitation; 
systolic gradient 
across aortic valve 
<20 mm Hg 
IIb 16 14 -— Mitral regurgitation 
Pressure 
+ volume 
overload 


I 17-19 12.0 8-18 Aortic stenosis plus 
significant aortic 
regurgitation 

Cardiomyopathy 
IV 20 Nonobstructive 
cardiomyopathy 


penne 


Millar Mikro-tip PC-350 or PC-761 (Millar Instruments, Inc., 
Houston, Texas). The thermodilution computer used was an 
Edwards model 9510 or model 9520 (Edwards Laboratories, 
Santa Ana, California). The catheter interfaced to the ther- 
modilution computer was an Edwards model 93A-131-7F or 
93-136-6F and was placed in the main pulmonary artery by 
cutdown to the median basilic vein. Pressures were recorded 
and processed on a Hewlett-Packard System, (models 8890A 
and 5600M, Hewlett-Packard (Canada) Ltd., Mississauga, 
Ontario). 

Echocardiography: Echocardiograms were recorded with 
a hand-held 0.25 or 0.50 inch (0.064 or 1.27 cm), 5 cm focused, 
2.25 magahertz transducer (Aerotech Inc., Lewistown, 
Pennsylvania) and a Hoffrel model 101 Ultrasoniscope 
(Hoffrel Instrument, Norwalk, Connecticut) interfaced to a 
Cambridge multichannel recorder (model 01005, Cambridge 
Instrument Co., Ossining, New York). The echocardiograms 
(Fig. 1) during cardiac catheterization were at the level of the 
left ventricular minor axis dimension just below the tips of the 
mitral valve. The left ventricular pressure tracing and elec- 
trocardiogram were superimposed, allowing simultaneous 
analysis of pressure-volume relations. The echocardiograms 


MAE 


40 msec 








FIGURE 1. Simultaneous M mode echocardiogram of the left ventricular 
cavity, endocardium (Endo) and interventricular septum (IVS) with high 
fidelity left ventricular pressure (LVP) superimposed. Arrows demon- 
strate technique of measurement of septal thickness, left ventricular 
end-diastolic dimension (EDD), end-systolic dimension (ESD) and wall 
thickness (h). Epi = epicardium. 
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were more difficult to record during exercise than at rest, and 
in some patients a continuous endocardial surface could not 
be recorded throughout the cardiac cycle. In these patients, 
the recorded surfaces were joined with a smooth line hand- 
drawn on the echocardiogram. Contraction patterns from at 
least three cycles were synthesized for this approximation. The 
echocardiographic measurements were made in the standard 
fashion (Fig. 1) and fractional shortening was calculated as 
end-diastolic dimension minus end-systolic dimension divided 
by end-diastolic dimension. 

Hemodynamic measurements during exercise: After 
diagnostic hemodynamic information was obtained at rest, 
the patient's feet were placed on the ergometer pedals for at 
least 3 minutes and the following measurements were made: 
simultaneous left ventricular, aortic and pulmonary arterial 
pressures, pulmonary arterial oxygen saturation (IL 182 co- 
oximeter, Instrumentation Laboratories Inc., Lexington, 
Massachusetts), thermodilution cardiac output and left 
ventricular echocardiogram. When these measurements were 
completed (in less than 2 minutes), the patient began supine 
pedaling at 60 revolutions per minute, at a work load ap- 
proximately 25 percent of the previous day's maximal upright 
work load (nearest 50 kilopond-meter multiple). After 2.5 
minutes at this work load measurements were repeated. After 
the variables had been recorded (approximately 2 minutes), 
the work load was increased to 50 percent of the upright 
maximum and variables were measured again after another 
2.5 minutes of pedaling. 

Angiograms were performed when exercise studies were 
completed. The first injection of Renografin 76° (1 to 1.25 
ml/kg) was made into the main pulmonary artery. The biplane 
levophase was recorded on Siemens 35 mm cineangiographic 
equipment. A calibration grid was filmed for correction of 
magnification in both the anteroposterior and lateral pro- 
jections. 

Several hemodynamic variables were measured by com- 
puter: left ventricular systolic pressure, end-diastolic pressure 
and aortic and pulmonary phasic and mean pressures. The 
systemic vascular resistance index (dynes s cm^5/m?) was 
calculated as 80 X mean aortic pressure/thermodilution car- 
diac index. Total pulmonary resistance was derived in a sim- 
ilar fashion: 80 X mean pulmonary arterial pressure/ther- 
modilution cardiac index. Oxygen consumption (VOs) was 
calculated from the thermodilution cardiac index and aortic 
minus pulmonary arterial oxygen contents with use of the Fick 


UPRIGHT EXERCISE TEST 
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Clinical Groups 
FIGURE 2. Percent of predicted maximal work load for the four clinical 
groups (see text) on the simple progressive maximal upright cycle er- 
gometer stress test, and the systolic blood pressure (BP) increase from 
rest to maximal work load. Group IV = Case 20. 





equation. Serial aortic oxygen saturations were not measured 
during exercise because there had been no desaturation up to 
maximal work load during upright ergometry. 

The myocardial oxygen supply/demand ratio was calcu- 
lated as recently modified by Hoffman,!? who demonstrated 
that a value of less than 8 was indicative of subendocardial 
ischemia. 

Statistical analysis: Because of the small number of pa- 
tients within each group, statistical significance was usually 
not calculated. For the large subgroups, when a full comple- 
ment of data were available, statistical analysis was done by 
the paired t test when possible; otherwise, the unpaired t test 
was used. These values were given only if there was no in- 
equality of variance. A probability (p) value of <0.05 was 
considered significant. Values shown are mean + standard 
deviation. 


Results 
Upright Ergometer Stress Test 


The power output levels achieved by the clinical 
groups (Fig. 2) did not differ widely. There was no dif- 
ference between the subgroups of patients with left 
ventricular pressure or volume overload. The lowest 
percent of predicted work load was achieved by the 
patient with poorest left ventricular contractility (Case 
20), but he had a submaximal test because of coupled 
ventricular premature complexes. His minute ventila- 
tion was normal for the work load achieved. In group | 
(pressure overload) minute ventilation and the elec- 
trocardiograms were normal in 12 of 13 patients. An- 
other patient (Case 2) had 2 mm S-T depression at 
maximal exercise and into recovery. The two patients 
in Group IIa (aortic regurgitation) had electrocardio- 
graphic abnormalities (S-T depression/atrial premature 
complexes and multifocal ventricular premature com- 
plexes after exercise) but a normal power output and 
minute ventilation. In Case 16 (mitral regurgitation) 2 
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FIGURE 3. Left ventricular peak systolic pressure (LVPSP) (A) and left 
ventricular end-diastolic pressure (LVEDP) (B) plotted against percent 
of maximal upright work load. Clinical groups of patients are repre- 
sented by the following symbols: closed circles = IA; open circles = 
IB; closed squares = IIA; open squares = IIB; triangles = Ill; diamonds 
= |V (Case 20). 
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FIGURE 4. Mean aortic pressure (A), systemic vascular resistance (SVR) (B), mean pulmonary arterial pressure (PAP) (C) and pulmonary vascular 
resistance (PVR) (D) plotted against percent of maximal upright work load. Symbols as in F igure 3. 


mm S-T depression but normal minute ventilation and 
work load were recorded. All three patients in Group III 
(combined pressure and volume overload) had more 
than 2 mm S-T depression but normal ventilatory 
studies. Oxygen desaturation was not noted in any pa- 
tient. 

Systolic blood pressure responses (Fig. 2) differed 
significantly (p <0.01) between groups Ia and Ib (29 + 
13 versus 71 + 20 mm Hg, respectively). Patient 20 had 
an abnormally low response. 


Catheterization Hemodynamics During 
Supine Exercise 


Left ventricular pressures: Left ventricular peak 
systolic pressure (Fig. 3) increased linearly in all groups 
except in the patient with cardiomyopathy (Case 20), 
who had a decrease in pressure at 50 percent maximal 
exercise. These changes were statistically significant in 
Groups Ia, Ib and III. 

Mean left ventricular end-diastolic pressure (Fig. 
3) decreased sequentially with increase in exercise in- 
tensity in Groups I and II. The patients in Group III and 
the patient with cardiomyopathy were atypical, showing 
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FIGURE 5. Percent decrease from value at rest of systemic vascular 
resistance (SVR) (A) and percent change from value at rest of pulmonary 
vascular resistance (PVR) (B) plotted against percent of maximal upright 
work load. Symbols as in Figure 3. 
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no decrease in end-diastolic pressure during exercise; 
Patient 20 had a large increase in end-diastolic pres- 
sure. 

Aortic and pulmonary arterial pressures: A 
change in mean aortic pressure with exercise was seen 
(Fig. 4) only in Group Ib (coarctation). Mean pulmonary 
arterial pressure (Fig. 4) increased in all patients during 
the 25 percent level of exercise, but only one patient 
(Case 20, with cardiomyopathy) had a significant in- 
crease between the 25 and 50 percent levels. 

Vascular resistance: Values for systemic vascular 
resistance (Fig. 4) were not lesion-specific and decreased 
with increasing exercise intensity in all patients. Pul- 
monary vascular resistance (Fig. 4) showed an almost 
linear decrease in all patients except in the patient with 
cardiomyopathy (Case 20). He had a transient decrease 
(from 480 to 463 dynes s cm-5/m?), from rest to the 25 
percent level of exercise, but then showed a large in- 
crease at the 50 percent level (878 dynes s cm-5/m?). To 
eliminate changes related to baseline differences be- 
tween groups of patients, the percent changes of both 
systemic and pulmonary vascular resistances were cal- 
culated (Fig. 5). The changes in systemic resistance were 
remarkably similar, with reductions of 39 to 53 percent 
at the 50 percent level of maximal exercise. 'T'he percent 
changes in pulmonary resistance were more variable, 
with values in both subgroups within Groups I and II 
decreasing similarly. The patient with cardiomyopathy 
showed the only increase in total pulmonary resistance 
with increasing exercise. 

Cardiac index, oxygen saturation and consump- 
tion: The values for cardiac index derived by thermo- 
dilution technique (Fig. 6) showed parallel and signifi- 
cant increases in Groups I, II and III. The intragroup 
means for Group I did not differ when there were 
enough values for comparison. The lowest values for 
cardiac index at rest and at the 25 and 50 percent levels 
of exercise were noted in Patient 20 (cardiomyop- 
athy). 

Pulmonary arterial oxygen saturation values (Fig. 
6) showed linear parallel decreases in all patients. Pa- 
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tient 20 extracted more oxygen at 50 percent work in- 
tensity than any other patient. | 

The plot of cardiac index versus VO» has been con- 
sidered the reference standard for cardiac function 
during exercise.’ The VO; was calculated (Fig. 7) from 
the thermodilution cardiac index and arteriovenous 
oxygen difference values. In comparison with the data 
on normal children reported by Lock et al.,’ few ab- 
normal points were noted. Although there was a ten- 
dency for these abnormal children as a group to extract 
more oxygen at a given work load, only the values in 
Case 20 were beyond the normal range. 

Echocardiographic variables: The echocardio- 
graphic shortening fractions (Table II) either in indi- 
vidual patients or in groups showed progressive in- 
creases in few instances. The normal response would 
have been sequential increases with increasing severity 
of exercise.'!!* Because of the lack of acceptable echo- 
cardiograms in several patients at the 50 percent level 
of exercise, statistical significance was not calculated. 
The percent systolic thickening of the interventricular 
septum and left ventricular posterior wall showed no 
consistent changes or any obvious relation with hemo- 
dynamic data. 

Valve area, gradient, oxygen delivery: Aortic valve 
area and peak systolic gradient may be calculated from 
the simultaneous high fidelity left ventricular and aortic 
pressure measurements and the measurement of flow 
(thermodilution cardiac index). In three cases in which 
this was done, the aortic valve area increased slightly 
with exercise. In addition, the myocardial oxygen sup- 
ply/demand ratio may be obtained by planimetry of the 
simultaneous left ventricular and aortic valve pressure 
tracings. With increasing exercise intensity, both pa- 
tients in Group IIa showed almost linear decreases of 
the oxygen supply/demand ratio (Fig. 8). For both pa- 


tients, the ratio decreased below normal. In these pa- 
tients, abnormalities in the S-T segment had become 
evident during the upright ergometer stress test. The 
time of crossover from normal to abnormal segments 
during supine exercise occurred at approximately the 
same percent of work load as that associated with the 
occurrence of S-T depression during upright testing. 
Angiographic data: Angiograms were performed 
after supine exercise had been completed and the pa- 
tient's legs were at the level of the heart, that is, no 
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FIGURE 7. Measured thermodilution cardiac index plotted against 
calculated oxygen consumption (VO;). Solid and dotted lines represent 
mean and 95th percentile confidence limits, respectively, of values from 
Lock et al." Symbols as in Figure 3. 


May 1980 The American Journal of CARDIOLOGY Volume 45 1029 


TABLE Il 


Echocardiographic Shortening Fraction* at Rest and 
During Exercise 


Intensity of 
Exercise 
25% 50% 
Group Case Rest Maximal Maximal 
la 1 0.41 0.32 0.31 
2 0.27 — — 
3 0.39 0.31 m 
4 0.40 0.35 — 
5 0.40 0.46 — 
6 0.62 0.58 0.54 
Mean + SD 0.42 0.40 0.43 
+ 0.11 + 0.11 
IB 7 0.40 0.38 0.47 
8 0.44 — — 
9 0.38 0.55 0.54 
10 0.40 0.33 0.26 
11 0.41 0.48 0.44 
Mean + SD 0.41 0.44 0.43 
+ 0.02 + 0.10 + 12 
lla 14 0.39 0.40 0.45 
15 0.24 0.23 0.32 
lib 16 0.33 0.30 0.23 
Mean + SD 0.32 0.31 0.33 
+ 0.08 + 0.09 + 0.11 
III 17 0.47 0.46 0.50 
18 0.31 0.35 — 
19 0.47 — — 
Mean + SD 0.42 0.41 0.50 
+ 0.09 
IV 20 0.23 0.26 0.24 


* Shortening fraction — (end-diastolic dimension — end-systolic 
. dimension)/end-diastolic dimension. 

Patients 12 and 13 were studied without any echocardiography at- 
tempted. 


longer on the ergometer pedals. 'T'he values for the in- 
dexed volumes confirm the anatomic abnormalities and 
show normal ejection fractions in Groups I to III (Table 
III). Analysis of stroke volume and end-diastolic and 
end-systolic volumes (not shown) revealed moderate 
variation when echocardiographic, thermodilution and 
angiographic values were compared. However, the val- 
ues were obtained at different times and the position of 
the legs and the level of anxiety differed among the 
periods of assessment. Thermodilution values for in- 


Buckberg-Hoffman Index 





Rest 25% 50% 

Exercise Intensity 
FIGURE 8. Myocardial oxygen supply/demand ratio (Buckberg-Hoffman 
index) plotted against percent of maximal upright work load in two pa- 
tients in group lla (pressure overload). A value of less than 8 (stippled 
area) is indicative of subendocardial ischemia. 





Myocardial O2Supply:Demand Ratio 


TABLE Ill 
Angiographic Assessments at Rest 
End-Diastolic 
Volume Stroke Volume Ejection 
Group (ml/m?) (ml/m?) Fraction 
la 53.5 42.0 0.79 
Ib 57.0 40.4 0.72 
lla 94.3 58.5 0.62 
IIb 105.0 71.2 0.68 
I 65.0 49.9 0.77 
IV 50.0 29.1 0.58 


dexed stroke volume tended to be lower than echocar- 
diographic values, especially in the patients with left 
ventricular volume overload. However, this was the 
expected result because the thermodilution method 
measured only forward output whereas the echocar- 
diographic values reflected regurgitant volume as 
well. 

Complications: In a few patients, the left ventricular 
catheter provoked ventricular premature beats that 
were abolished by repositioning of the catheter. No 
patient had persistent ventricular ectopic rhythm 
during exercise and no perforations occurred. Several 
patients complained of arm discomfort during catheter 
manipulation, but not at the site of entry. 

Most patients appreciated the ability to participate 
in their catheterization procedure, and found the er- 
gometer exercise both challenging and fun. 'The minor 
arm discomfort experienced by most patients did not 
decrease their enthusiasm. 


Discussion 


The purpose of this study was to assess the value of 
progressive exercise testing and the ease and value of 
obtaining hemodynamic responses to supine cycle er- 
gometer exercise during cardiac catheterization in 
children with left-sided cardiac disease. There were no 
complications during the exercise portion of the cardiac 
catheterization, and we have shown that the procedure 
is safe when performed with proper care. The additional 
time required for exercise evaluation was approximately 
20 minutes. We believe that the potential benefits of this 
evaluation warrant the prolongation of the catheter- 
ization by this time period. 

Upright stress test: The power output of all pa- 
tients, except the patient with cardiomyopathy, was 
normal. We might have predicted from the data of 
others!?-!6 that more of the children would have had 
decreased exercise tolerance. However, Cumming’s 
data! were from treadmill evaluations and included a 
large proportion of younger children who may have 
unknowingly performed submaximal tests. Most of our 
patients were above age 10 years and responded to our 
urging to pedal to exhaustion. The heart rate and ven- 
tilation responses suggested maximal exercise effort. 

The ventilatory responses during upright bicycle 
ergometry have been studied in few children with left- 
sided congenital heart disease. Patients with aortic 
stenosis have previously!” been studied and their ven- 
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tilatory responses, like those of our patients, had no 
relation to the severity of aortic valve gradient. No 
previous data have been reported in children with 
coarctation, aortic regurgitation or mitral regurgitation, 
and our results suggest that these measurements have 
only limited value in the clinical assessment of selected 
patients. 

Body position for exercise: We chose supine exer- 
cise for evaluation because of the ease with which it can 
be performed during cardiac catheterization. Bevergárd 
et al.!? suggested that the maximal work load achieved 
is comparable in the supine and upright postures. 
Thadani and Parker’? used this information to compare 
exercise responses in the sitting and supine positions 
and found that most responses were similar. For this 
reason, our data during supine exercise may be applied 
to the prediction of exercise variables in everyday life, 
when exercise is performed in the upright position. 
Donald et al.2° and Cumming? previously showed that 
a steady state is reached after approximately 2 minutes 
of supine exercise. We began our measurements during 
cardiac catheterization at 2.5 minutes and continued 
until 4 to 4.5 minutes. 

In a recent study using strenuous semisupine exercise, 
the authors?! showed that during progressive exercise 
the echocardiograms became increasingly more difficult 
to obtain because of body motion as well as lung inter- 
position between the transducer and heart during in- 
spiration. Our experience was similar at the 50 percent 
level of exercise; relatively fewer beats were technically 
satisfactory for analysis than at the 25 percent level. 'The 
echocardiographic measurements could not easily be 
obtained at maximal exercise although the variables 
derived from pressure and output measurements would 
be technically feasible to obtain. 

Hemodynamic response to exercise: 'The limited 
number of patients in most of our clinical groups pre- 
cludes definition of the most specific variable that dis- 
tinguished normal from abnormal response. In fact, 
because of ethical considerations, a group of true control 
subjects may not be studied prospectively to determine 
normal values. Lock et al.’ relied on patients with 
minimal right-sided disease to provide much of their 
“normal” data. 

Previous work in adults?? with aortic stenosis has 
shown that left ventricular end-diastolic pressure during 
exercise is related to age, rather than to severity of 
outflow gradient. The data from our patients would 
tend to support this finding. Apparent increases in the 
aortic valve area with exercise have previously been 
shown,? and we noted a similar increase in several pa- 
tients in whom it was calculated. The data of Cueto and 
Moller? on arteriovenous oxygen difference, cardiac 
index and VO» in 33 children with aortic valve disease 
were similar to ours. End-diastolic pressure was slightly 


greater in their patients with more severe aortic stenosis, 
but it decreased during exercise. They found only one 
patient with a decreased cardiac index in relation to 
VO». They conclude that cardiac pump function was 
normal in most children with aortic stenosis or regur- 
gitation, or both. To our knowledge, no comparable data 
exist for patients with aortic coarctation, mitral regur- 
gitation or congestive cardiomyopathy. 

Arterial pressures and vascular resistance: The 
responses of pulmonary arterial and aortic pressures 
and resistances to supine exercise have previously been 
studied.23-28 With the exception of Case 20 (cardio- 
myopathy) our data did not differentiate patients whose 
hemodynamic values differed greatly from the values 
expected. 

VO» and cardiac index: When compared with values 
from normal children obtained by Lock et al.’ (Fig. 7) 
individual values in our patients were not abnormal, 
except in the patient with cardiomyopathy (Case 20). 

Echocardiography: Left ventricular measurements 
during exercise have been used in adults to evaluate 
hemodynamic responses.'”? These techniques allow the 
evaluation of pump function noninvasively. Because 
some workers?’ have raised questions about the accu- 
racy of left ventricular volume data obtained from a 
scalar echocardiographic dimension and the border 
recognition of septal measurements, we expressed our 
results as percent shortening. The groups did not show 
the progressive increase in shortening fraction observed 
in the normal left ventricle during progressive exercise. 
Mason et al.! suggested that values for posterior wall 
and interventricular septal motion during exercise can 
detect abnormalities not evident at rest. Our data (not 
shown) demonstrated wide variation and at this time 
do not appear to show consistent changes that might be 
of clinical use. 

Implications: Supine exercise during cardiac cath- 
eterization is feasible and safe in older children with 
left-sided cardiac lesions and adds only 20 minutes to 
the procedure. Changes in pressures, resistances and 
cardiac index can be measured and adequate echocar- 
diograms can be recorded in most patients performing 
up to a 50 percent level of maximal work load. As yet, 
none of the measured variables appear to separate dif- 
ferences in left ventricular function unless the function 
is moderately impaired. If this trend persists, more so- 
phisticated analysis of left ventricular contractility will 
be necessary to elucidate differences in response to ex- 
ercise between the normal and impaired left ven- 
tricle. 
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Defibrillators for the 
iospital have always been a 
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Those designed for a crash 
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e first defibrillator system 
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romise: the Datascope Hospital 
ystem. 

The Datascope Hospital 
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nlike other defibrillators. 

The Datascope Hospital 
ystem separates in a manner that 
akes sense. The defibrillator, 
onitor and recorder all remain 
ntact as a compact unit. So you 
lways have everything you need 














y, f 
r S 
Li y 
F) a 
E7 d 
3; 
E. 
E f- 





with you where you need it, when 
you need it. The support module 
separates and remains on the 
crash cart, leaving unnecessary 
weight behind. 

On or off a crash cart, it 
has features found in no other 
system. 

The scope on the Hospital 
System is 5” in diameter. 

The same size as scopes on 
defibrillators weighing 35 to 40 
pounds. 

The monitor offers 2 large 
digital displays. One for heart 


rate and one for delivered energy. 
(To our mind, lights are simply 
not an adequate indication of such 
critical parameters.) 

The suppọrt module for the 
Datascope Hospital System has a 
built-in delivered energy tester. 
Here again, instead of a light 








that merely indicates, there's 
a meter that accurately measures 
the delivered energy through- 
out the entire range of the 
defibrillator. 

There's a document switch 
on the defibrillator paddles to 
trigger the strip chart recorder. 
And the paddles rapidly 
disconnect for easy changes or 
replacement. | 

Perhaps the most important | 
innovation of all, ours is the first | 
defibrillator system to end the 
fear of battery failure. 

The M/D3 
incorporates three 
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power systems: complete 
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that recharge in less than 
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first Lithium Emergency 
Power Pack. This 
revolutionary power 
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Pack to instantly power 
the monitor and defibrillator. 

For all of its features, the 
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to operate. 

We urge you to see a 
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Datascope Hospital System. 
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defibrillator in a hospital like it. 
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Paramus, NJ 07652. In Europe: 
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3870 CA, Hoevelaken, Holland. 
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IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVINC.... 








The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are å 2p LLAS age AT ud 
now within normal limits. Blood — MEE A 
pressure readings are on the low £ oar, s T 
side and the patient's pulse rate 
is down to80 beats per minute. 
The atrial gallop sound can 
no longer be heard. 













1a 
"~s 7 
s ` 


E 
B 
*~ 


PEE TE 


* 
Ld 
pu ^ E Am 
Pop "ma Sea eu Say 22 
Peg Mtn Foe te P 
^ 


sa 

e 

LI - m ry 
Lo" d 






"o LJ a v. 
rd 
T 


d ø 3 
HTIEITI 
27114444 LE 
CMTTTTTPP 
PI piat söks 


Ma 


æ BUT THESE MAY NOI. 








You've assured the patient, time 
and again, that he's making ex- 
cellent progress, that all signs 
point to a marked improve- 
ment in his condition. He 
seems to understand... 
and yet, his 
















excessive © 
' anxiety and id 
psychic tension continue 
Í to pose problems. 
For patients like this, adjunc- 
tive Valium (diazepam) can 
be particularly useful. Valium 
works promptly: patients often 
feel distinctly calmer in hours, 
usually Eo significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
f trol of their emotions, they tend 
to be more optimistic as well 
and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t. i.d. 

| schedule helps relieve "night- 

+- time apprehensions” and 
encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 








cardiac glycosides, anticoagu- 

lants, diuretics and vasodilators. 
An especially important advan- 

tage: Valium (diazepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient's need for psychotropic 
medication is also recommended. 
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More physicians are realizing that stress testing is an essential tech- 
nique. It can give very precise information about cardiac perform- 
ance, and can reveal latent coronary disease as well as measure the 
degree of disability. Whether you need to determine the functional 
capacity of athletes, or to diagnose ischemic heart disease, the new 
edition of this clear, logical text gives you immediately applicable, 
practical guidance. 


Based on Dr. Ellestad's wealth of experience, and completely up- 
dated to reflect new developments and current thinking, this com- 
prehensive "how to" book provides you with the vital information 
needed for multi-stage stress testing. The excellent quality repro- 
ductions of electrocardiograms, the illustrative case presentations, 
the informal, straightforward style—all the features that made the 
first edition of this text a classic—remain in the 2nd edition. Much 
additional information on pediatric stress testing, nuclear cardiology, 
and stress testing of the asymptomatic individual, as well as new 
illustrations, tables and references, add to the value of this new edi- 
tion. Stress Testing will give you invaluable aid in functional assess- 
ment, diagnosis, and the assessment of therapeutic results. 


By MyrvinH. Ellestad, MD, Chief, Section of Cardiology, and Director, 
Division of Clinical Physiology, Memorial Hospital Medical Center, 
Long Beach, California; Clinical Professor of Medicine, University of 
California at Irvine, Irvine, California. About 370 pp., 220 ill. Ready 
July 1980. $35.00. Order #3111-1. 


Contents Include: History of Stress Testing. Cardiovascular re- 
sponse to exercise. Peripheral effects of exercise. Physiological 
responses of the ischemic heart. Ischemic S-T segment depression: 
Hemodynamic, electrophysiological and metabolic factors in its gen- 


esis. Indicationsfortesting. Contraindications and safety precautions. 


Parameters to be measured. Stress testing protocol. Memorial Hos- 
pital protocol. ECG patterns and their significance. Pediatric stress 
testing. Nuclear stress testing. Predictive implications. Effects of 
metabolic abnormalities and drugs. Computers and stress testing. 
Stress testing in asymptomatic patients. 
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Vol. 10, No. 3 

Dr. Brandenburgandseventeen colleaguesfromthe Mayo Clinic pre- 
sent a wealth of information on the cardiovascular problems en- 
countered in ambulatory patients in an office practice. This excellent 
new book emphasizes the importance of a properly performed car- 
diovascular examination and the effective use of noninvasive 
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Edited by Robert O. Brandenburg, Sr., MD, MS, Professor of Medi- 
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This exceptionally comprehensive and broadbased work provides 
you with expert guidance on how to recognize and treat cardiac 
arrhythmias. Dr. Castellanos and sixteen noted contributors cover 
subjects ranging from Computer Recognition of Cardiac Arrhythmias 
to the Clinical Value of Ambulatory Rhythm Monitoring. 

Edited by Agustin Castellanos, MD, Professor of Medicine, Director, 
Clinical Electrophysiology, University of Miami School of Medicine, 
Miami, Florida. 296 pp. 120 ill. Ready May 1980. $40.00. Order 
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ABBOKINASE (urokinase for injection) should only be used by physicians with wide experience in the 
management of thrombotic disease in hospitals where the recommended clinical and laboratory 
— (see WARNINGS, PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 
ormed. 

When considering treatment with urokinase, the physician should carefully assess the overall 
clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
coagulant therapy. When bleeding occurs it is also more severe and more difficult to manage. The po- 
tential risk of serious hemorrhage relative to such factors as age. physical condition, and underlying 
bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 
weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 
Pulmonary Embolism 


ABBOKINASE (urokinase for injection) is indicated in adults: 
for the lysis of acute massive pulmonary emboli, defined as obstruction or significant filling 
defects involving two or more lobar pulmonary arteries or an equivalent amount of emboli in 
other vessels.® 
for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., failure to main- 
tain blood pressure without supportive measures. 
The diagnosis should be confirmed by objective means, preferably pulmonary arteriography. 
Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
lism, and no later than five days after onset. Under these circumstances, angiographic and 
hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours of 
therapy than with heparin therapy (Table |).’- However, it has not been established that treatment 
with urokinase decreases morbidity or mortality, when compared to heparin therapy alone. 





TABLE | 
UPET * USPET"* 
12-Hour 12-Hour 24-Hour 
Heparin Urokinase Urokinase Urokinase 

Change in angiographic 0.54 1.78 1.66 1.76 
severity score based 
on 4-point system 
Decrease in relative 8.3 24.1 20 29.2 
percentage perfusion 
defect on lung scans 
Change in pulmonary —1.1 —6.2 —7.28 —7.53 
artery pressure 
(mm Hg) 
Change in cardiac —0.05 +0.02 +0.06 +0.30 


index (l/min/m?) 





*Urokinase pulmonary embolism trial. | 
* *Urokinase-streptokinase pulmonary embolism trial. 


Evaluations were obtained between 18 and 30 hours after the start of therapy. After several days, 
there were no differences between the results in the heparin treated patients and those receiving 
urokinase. 


CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 

is contraindicated in the following situations: 

1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or paracen- 
tesis, extensive or multiple cutdowns should be considered surgical procedures. 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days of the post-partum period. 

. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 
tial for bleeding) of the gastrointestinal or genitourinary tract. 

. Severe hypertension. 

. Acute or chronic hepatic or renal insufficiency. 

. Uncontrolled hypocoagulable state, including one that may be caused by a coagulation factor 
deficiency, thrombocytopenia, spontaneous fibrinolysis, or another purpuric or hemorrhagic 
disorder. 

11. Chronic lung disease with cavitation, e.g., tuberculosis. 

12. Subacute bacterial endocarditis or rheumatic valvular disease. 

13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
cated for at least two months after cerebral embolism, thrombosis or hemorrhage because pa- 
tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. 

14. Any other condition in which bleeding might constitute a significant hazard or be particularly 
difficult to manage because of its location. 

The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 

of hemorrhage must be weighed carefully against the anticipated benefits of urokinase therapy in 

an individual patient and the benefits and risks associated with the use of urokinase should be 
compared to the benefits and risks associated with other forms of therapy. 


WARNINGS 
Bleeding 


Activation of the fibrinolytic system with urokinase results in a more profound altera- 
tion of the hemostatic status of the patient than does anticoagulant therapy with 
heparin or coumarin agents. The aim of urokinase therapy is the production of suffi- 
cient amounts of plasmin for the lysis of intravascular deposits of fibrin; however, 
fibrin deposits which provide hemostasis, for example, at sites of needle punctures, 
are also destined for lysis, and bleeding from such sites may occur. The possibility of 
bruising or hematoma formation, especially with intramuscular injections, is high dur- 
ing thrombolytic therapy. Unnecessary handling of the patient should be avoided. 
Strict attention should be given to this section and the CONTRAINDICATIONS sec- 
tion in order to minimize the risk of bleeding. 

Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
ing urokinase therapy, as with heparin therapy. Bleeding at sites of recent invasive procedures 
may occur. Hence, arterial invasive procedures must also be avoided before and during treatment 
with urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 
avoided and the radial or brachial artery used. It should be done carefully by a physician ex- 
perienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 
dressing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- 
punctures should be performed as carefully and infrequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be continued with appropriate clinical observation. 
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Local measures, i.e., pressure, should be initiated immediately. 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
e.g., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. 

In addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIII, and 
other proteins. The products of plasmin degradation of fibrinogen and fibrin (FDP/fdp) possess an 
anticoagulant effect. Bleeding may be difficult to control because of this anticoagulant effect. 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 


Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 
possible risk of cerebral embolism may be hazardous because of the risk of bleeding into the in- 
farcted area. 


Use of Anticoagulants 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects of heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of /ess than twice the normal 
control value is adequate for starting urokinase infusions safely. Similarly, heparin should not be 
started following urokinase therapy until the thrombin time has returned to /ess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. In order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). 


Use in Pregnancy 
See CONTRAINDICATIONS. 


Use in Children 
Safety and effectiveness of urokinase therapy in children have not been established; therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 
Drug Interactions 


Concurrent use of drugs that may alter platelet function, e.g., aspirin, indomethacin, and 
phenylbutazone, should be avoided. The interaction of ABBOKINASE (urokinase for injection) with 
other drugs has not been studied. 


Laboratory Monitoring 

In patients who have received heparin, the thrombin time should be measured prior to starting 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored following urokinase 
therapy prior to instituting heparin. (See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Factor V, and Factor VIII are usually substan- 
tially diminished. Concomitantly, the level of fibrin(ogen) degradation products (FDP/fdp) is in- 
creased. The combination of reduced fibrinogen and increased FDP/fdp results in a prolongation of 
the thrombin time. While changes in any of these parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management 


Strict observance of the contraindications, warnings, and precautions to the use of urokinase is es- 
sential to minimize the incidence and severity of adverse effects. 


BLEEDING 
incidence 


Where thrombolytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood) was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokinase therapy. 

Less severe spontaneous bleeding has been observed during urokinase treatment al approx- 
imately twice the frequency as that occurring during heparin therapy. Oozing of blood from sites of 
percutaneous trauma is frequent; hence, all invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one out of five patients treated with urokinase. 


Management of Severe Bleeding 

In case of serious bleeding, urokinase therapy must be discontinued. If blood loss has been large, 
packed red cells are indicated. Plasma volume expanders (other than Dextran) are indicated to 
replace blood volume deficit. If only whole blood is available, it may also be used. Although the use 
of aminocaproic acid (ACA, AMICAR®) in humans as an antidote for urokinase has not been docu- 
e ne s may be considered if the hemorrhage is unresponsive to blood replacement. (See 
WARNINGS.) 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and in vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
serious allergic reactions (including anaphylaxis) occurring with its use cannot be excluded. 
Relatively mild allergic reactions, e.g., bronchospasm and skin rash, were feported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alleviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION 
Dosing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY. 

A priming dose of 2,000 1.U./Ib (4,400 I.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mal Saline admixture over a period of ten minutes. This is followed by a continuous infusion of 
2.000 1.U./Ib/hr (4,400 I.U./kg/hr) of ABBOKINASE (given as the Abbokinase-Normal Saline ad- 
mixture) for 12 hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump that is 
capable of delivering a total volume of 195 ml. 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 
recommended. Heparin treatment should not begin until the thrombin time has decreased to /ess 
than twice the normal control value. See manufacturer's prescribing information for proper use of 
heparin. 
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Four hundred nineteen patients with postoperative low output syndrome 
were supported with intraaortic balloon pumping between September 1, 
1972 and June 1, 1979. Overall, 226 patients (54 percent) were suc- 
cessfully weaned from pumping support and 188 (45 percent) were 
subsequently discharged from the hospital. Approximately 10 percent of 
the patients died after apparently successful weaning from the balloon 
pump. Patients who underwent aortocoronary bypass operations had 
significantly better survival rates than patients who underwent combined 
aortocoronary bypass and valve procedures (60 versus 28 percent, p 
<0.01). Two hundred sixty-three of the 419 patients have been serially 
classified hemodynamically since 1975. During intraaortic balloon 
pumping, 134 of these 263 patients ultimately achieved and maintained 
class A hemodynamic status (cardiac index greater than 2.1 liters/min, 
with systemic vascular resistance less than 2,100 dynes s cm~*); all of 
these patients were successfully weaned from the balloon pump. Forty- 
one (16 percent) of the 263 patients achieved only class B status (cardiac 
index greater than 1.2 but less than 2.1 liters/min, systemic vascular 
resistance less than 2,100 dynes s cm 5); the mortality rate in this group 
was 46.3 percent. Eighty-eight of the 263 patients failed to progress be- 
yond class C status (cardiac index less than 1.2 liters/min or systemic 
vascular resistance greater than 2,100 dynes s cm 5); the mortality rate 
was 96.6 percent during intraaortic balloon pumping. The differences in 
survival rates among patients in classes A, B and C were statistically 
significant (p « 0.001). 

The mean ages of survivors and nonsurvivors were not significantly 
different. Men had a 59 percent and women a 47.3 percent survival rate 
(p <0.05). The duration of support was 60.2 + 44.7 hours in survivors and 
10.9 + 21.1 hours in nonsurvivors, suggesting an early high attrition rate 
for unsuccessful postoperative support. Patients with balloons of 40 and 
30 ml had significantly better survival rates (67 and 52 percent, respec- 
tively) than patients with 20 ml balloons (47 percent, p « 0.05). 


The use of intraaortic balloon pumping has gained widespread accep- 
tance for the treatment of low output states due to perioperative myo- 
cardial injury.!-5 Our current series of patients with postoperative low 
output syndrome treated with intraaortic balloon pumping now consists 
of 419 cases. Our overall treatment strategy for this syndrome includes 
mechanical augmentation of the circulation with intraaortic balloon 
pumping, optimization of preload with volume replacement, stimulation 
of myocardial contractility with inotropic agents and reduction of af- 
terload (when appropriate) with vasodilators.’ During intraaortic balloon 
pumping, the best results have been achieved by manipulating the in- 
travascular volume to attain a mean pulmonary capillary wedge pressure 
of 15 to 18 mm Hg, infusion of inotropic agents to increase cardiac index 
to approximately 2 liters/min, and reduction of systemic vascular re- 
sistance to less than 1,800 dynes s cm^ 5. 


May 1980 The American Journal of CARDIOLOGY Volume 45 1033 


Previous studies from our laboratories?! have shown 
that the likelihood of survival from postoperative low 
output syndrome with intraaortic balloon pumping can 
be predicted from an analysis of preoperative and 
postoperative hemodynamic measurements. This study 
was undertaken to supplement these reports regarding 
postoperative hemodynamic performance and survival 
and to determine the effects on survival of age, sex, 
duration of mechanical circulatory support, operative 
procedure performed and the size of intraaortic balloon 
used. 


Methods 


Patients: Between September 1, 1972 and June 1, 1979, 
intraaortic balloon pumping was used in 419 patients during 
postoperative low output syndrome. During the last 12 months 
of the study, such support was required in 3 percent of our 
patients undergoing open heart surgery. The 419 patients 
ranged in age from 16 to 78 years, (mean 55); 323 were men and 
96 were women. Intraaortic balloon pumping was initiated 
preoperatively in 18 patients (4 percent) because of crescendo 
angina or cardiac arrest during cardiac catheterization; in 342 
patients (82 percent) in conjunction with weaning from car- 
diopulmonary bypass; in the operating room and in 59 patients 
(14 percent) postoperatively after deterioration of hemody- 
namic status in the intensive care unit. A Texas Heart Insti- 
tute hemodynamic classification of C (cardiac index less than 
1.2 liters/min or systemic vascular resistance more than 2,100 
dynes s cm~®) constituted the indication for institution of 
intraaortic balloon pumping in the majority of the intra- and 
postoperative patients (see later). 

Intraaortic balloon insertion: Mechanical circulatory 
support was effected with drive consoles (models 7 and 10, 
Avco-Roche Medical Electronics, Cranbury, New Jersey) 
attached to 40, 30 and 20 ml three segment balloons and ca- 
bles. The balloon and cable were inserted by way of a longi- 
tudinal arteriotomy, preferably in the left common femoral 
artery. A segment of 10 mm low porosity woven graft (Meadox 
Medicals, Oakland, New Jersey) was placed over the catheter 
before insertion and subsequently sutured to the arteriotomy 
in end to side fashion. The cable was secured within an iso- 
lated segment of the graft, excluded with heavy silk ties and 
filled with Surgicel® (Surgikos, New Brunswick, New J ersey). 
Low molecular weight Dextran (10 ml/hour) was given to 
achieve anticoagulation. 

Procedures: An indwelling 18 gauge radial arterial catheter 
was used to monitor blood pressure. A Swan-Ganz thermo- 
dilution catheter was used to obtain hemodynamic measure- 
ments. Respiratory failure, if present, was treated with vol- 
ume-cycled respirators. Serial arterial and mixed venous blood 
gas determinations were obtained. Cardiac output (model 
9520, Edwards Laboratories Cardiac Output Computer, Santa 
Ana, California) was serially measured, determined in tripli- 
cate and averaged for analysis. All pressure catheters were 
connected to fluid-filled transducers (model 1280 transducers, 
Hewlett-Packard, Houston, Texas). Data were recorded on 
a four channel model 7754A recorder (Hewlett-Packard). 
Heart rate, cardiac output, right atrial pressure, mean pul- 
monary capillary wedge pressure and aortic pressure were 
measured directly. Additional variables were computed as 
follows: Cardiac index = cardiac output/body surface area; 
and systemic vascular resistance (mean aortic pressure minus 
mean right atrial pressure)/cardiac output X 80. The mea- 
surements were repeated every hour or more frequently as 
indicated. 


Hemodynamic classification: Since 1975, we have mon- 
itored patients according to hemodynamic performance before 
and during intraaortic balloon pumping support. Class A 
patients included those with a cardiac index greater than 2.1 
liters/min and a systemic vascular resistance less than 2,100 
dynes s cm^?. Class B patients included those with a cardiac 
index less than 2.1 but greater than 1.2 liters/min and a Sys- 
temic vascular resistance less than 2,100 dynes s cm~5, Class 
C patients had a cardiac index less than 1.2 liters/min or sys- 
temic vascular resistance greater than 2,100 dynes s cm~5. To 
date, 263 patients have been classified every hour during 
balloon support with construction of trajectories reflecting 
hemodynamic improvement or deterioration. 

Associated therapy: After classification of each patient 
to determine the hemodynamic situation with intraaortic 
balloon pumping support, intravenous infusion of dopamine 
(beginning at 5 to 10 ug/kg per min) or dobutamine (beginning 
at 5 to 10 ug/kg per min) was begun if necessary to increase 
cardiac index to 2 liters/min and mean aortic pressure to 70 
mm Hg. When necessary, nitroprusside (beginning at 0.5 
ug/kg per min) was administered if adequate preload was 
achieved (mean pulmonary capillary wedge pressure = 15 to 
18 mm Hg) and systemic vascular resistance elevated (greater 
than 1800 dynes s cm-5). Furosemide was given intravenously 
in 20 mg increments when diuresis was required. Lidocaine 
(1to 4 mg/min) was used for the treatment of ventricular ar- 
rhythmias. If lidocaine therapy was unsuccessful, other agents 
were administered, such as procainamide, quinidine, diso- 
pyramide phosphate, propranolol or bretylium tosylate, in- 
dividually or in combinations. Temporary epicardial or 
transvenous pacemakers were used for the management of 
varying degrees of atrioventricular (A-V) dissociation and 
overdrive suppression of arrhythmias. 

Analysis of data: The significance of the difference of 
means for continuous variables was analyzed using the Stu- 
dent's t-test, and the chi square criterion with Yates' conti- 
nuity correction was used to analyze the significance of the 
distribution of discontinuous variables.!! 


Results 


Survival rates: The operative procedures in this 
series of 419 patients supported with intraaortic balloon 
pumping and percent survival rates are shown in Table 
I. The statistical analyses are summarized in Table II. 
Overall, 226 of the 419 patients (54 percent) were suc- 
cessfully weaned from balloon support and 188 patients 
(45 percent) were subsequently discharged from the 
hospital. During the last 12 months of the study, 66 
percent of the patients were weaned from treatment and 
51 percent were discharged. When survival was analyzed 
according to the operative procedure performed, pa- 
tients who underwent aortocoronary bypass operations 
had a better survival rate than patients who underwent 
combined valve and aortocoronary bypass procedures 
(60 versus 28 percent, p «0.01). The addition of left 
ventricular aneurysm resection to aortocoronary bypass 
did not increase the mortality rate. 

Mortality and hemodynamic class: One hundred 
thirty-four of 263 patients serially classified hemody- 
namically each hour (51 percent) ultimately achieved 
and maintained class A status. All of these 134 patients 
were successfully weaned from intraaortic balloon 
pumping support; two of them died after intraaortic 
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TABLE | 


Operative Procedures Performed With Percent Survival in 
419 Patients Treated With Intraaortic Balloon Pumping 


Survivors  Nonsurvivors Survival 


Procedure (n) (n) (%) 
Aortocoronary 197 130 60.2 
bypass 
Valve replacement/repair 11 28 28.2 
and aortocoronary 
bypass 
Aortic valve replacement 4 7 36.4 
Mitral commissurotomy/ 6 4 60.0 
mitral valve replacement 
Acquired ventricular 1 6 14.3 
septal defect 
Aortic and mitral 4 13 23.5 
valve replacement 
Pulmonary embolectomy 1 0 100.0 
Aortic, mitral, tricuspid 1 2 33.3 


valve replacement 
Aortic valve and ascending 1 3 25.0 
aorta replacement 


balloon removal and before hospital discharge, one from 
sequelae of a cerebral vascular accident, and one from 
sudden ventricular fibrillation. Forty-one of the 263 
patients (16 percent) only reached class B status; the 
mortality rate in this group was 46 percent. Eighty-eight 
of the 263 patients (33 percent) failed to progress be- 
yond class C status and their mortality rate was 97 
percent. The difference in survival rates among patients 
in classes A, B and C was statistically significant (p 
<0.001). 

The mean age of survivors was 54.9 + 9.73 years and 
that of nonsurvivors was 55.3 + 11.3 years; this differ- 
ence was not significant. The survival rate was 59 per- 
cent for men and 47 percent for women (p <0.05). 

Duration of support and size of balloon: The du- 
ration of intraaortic balloon pumping support was 60.2 
+ 44.7 hours in survivors and 10.9 + 21.1 hours in non- 
survivors (p <0.001), suggesting that death is an early 
event with inadequate response to balloon support. 
When mortality rates were analyzed in terms of the size 
of intraaortic balloon utilized, it was found that survival 
was significantly better for patients with a 40 or 30 ml 
balloon (67 and 52 percent, respectively) than for pa- 
tients with a 20 ml balloon (47 percent, p <0.05). There 
was no statistically significant difference in the pro- 
portion of survivors among patients with a 40 or a 30 ml 
balloon. 

Complications related to placement of in- 
traaortic balloon pumping: These complications in- 
cluded one instance of abdominal aortic rupture, one 
instance of retrograde aortic dissection, one below the 
knee amputation secondary to arterial thromboembo- 
lism, and 10 instances of early balloon removal to relieve 
signs and symptoms of distal ischemia in the lower 
limb.!? The incidence rates of other postoperative 
complications were: renal failure 10 percent, respiratory 
failure 9 percent, hemorrhagic diathesis 7 percent; 
ventricular arrhythmias 6 percent, neurologic compli- 


POSTOPERATIVE LOW OUTPUT SYNDROME—STURM ET AL. 


TABLE Il 


Summary of Significance of Factors Related to Outcome of 
Postcardiotomy Intraaortic Balloon Pumping Support 


p 
Factor Survivors Nonsurvivors Value 
Age 54.94 9.73yr 55.31: 11.3yr NS 
Duration of support 60.21 44.7h 109421.1h «0.001 
Procedure «0.01 
Aortocoronary 197 130 
bypass 
Valve replacement/ 11 28 
repair and aorto- 
coronary bypass 
Hemodynamic status «0.001 
Class A 132 2 
Class B 22 19 
Class C 3 88 
Balloon size «0.05* 
40 ml 120 70 
30 ml 76 71 
20 ml 34 39 
Sex «0.05 
Men 189 131 
Women 44 49 


* 40 or 30 ml versus 20 ml balloons. 
NS = not significant; p = probability. 


cations 3.5 percent and pulmonary emboli 1.5 per- 
cent. 


Discussion 


The present investigation confirms our previous ob- 
servations that survival in postoperative low output 
syndrome treated with intraaortic balloon pumping 
correlates with postoperative hemodynamic classifi- 
cation and trajectories of improvement or deterioration. 
In this series, other factors that affected survival in- 
cluded type of operation performed, sex, duration of 
balloon support and the size of the intraaortic balloon 
used. Survival is greater when a 40 or a 30 ml intraaortic 
balloon rather than a 20 ml balloon is used. This in- 
crease in survival may be due to the degree of augmen- 
tation of cardiac output, which is a linear function of 
balloon volume.!? T'he ages of survivors and nonsurvi- 
vors did not differ statistically. 

Role of hemodynamic status and ventricular 
performance: Although this study focused on post- 
operative hemodynamic measurements, previous 
studies from our institution have shown preoperative 
hemodynamic status to be an important prognosticator 
of the need for and likelihood of survival from postop- 
erative intraaortic balloon pumping support.?-!? Other 
investigators have established relations between he- 
modynamic indexes and survival after cardiac surgery 
and intraaortic balloon pumping support. In general, 
these investigations have focused on variables that re- 
flect left ventricular function. Weisel and Goldman!? 
generated left ventricular function curves by volume 
loading (left ventricular stroke work index versus mean 
left atrial pressure) in patients requiring intraaortic 
balloon pumping for weaning from cardiopulmonary 
bypass and found significant differences between sur- 
vivors and nonsurvivors. 
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YNDROME— STURM ET AL. 


We have found that intraaortic balloon pumping has 
significant effects on the right side of the circula- 
tion.!^-!6 In addition to effecting immediate increases 
in cardiac output and decreases in left ventricular 
end-diastolic and mean left atrial pressures, activation 
of the pump also produces instantaneous decreases in 
mean right atrial pressure, pulmonary arterial pressure 
and pulmonary vascular resistance with concomitant 
increases in right ventricular minute work index. By 
decreasing pulmonary arterial pressure and pulmonary 
vascular resistance (the major determinants of right 
ventricular afterload), less efficient right ventricular 
pressure-related work is converted into more efficient 
volume-related work, resulting in improved right ven- 
tricular performance. 

Survival rates and role of intraaortic balloon size: 
Our survival rate of 54 percent (66 percent in the last 12 
months of the study) compares favorably with the 37 to 
63 percent survival rates reported by other investiga- 
tors.!/7? Approximately 10 percent of our patients died 
after apparently successful weaning from intraaortic 
balloon pumping; others have noted similar occur- 
rences.?4 


The difference between the survival rate of patients 
with a 40 or a 30 ml intraaortic balloon and that of pa- 
tients with a 20 ml balloon can be attributed to the de- 
gree of augmentation of cardiac output, which is a linear 
function of balloon volume. In many circumstances, we 
now place a 40 ml balloon transthoracically through the 
ascending aorta into the descending aorta in any patient 
requiring intraaortic balloon pumping for weaning from 
cardiopulmonary bypass and in whom a 40 or a 30 ml 
balloon cannot be passed retrograde through the fem- 
oral artery. The greater proportion of 20 ml balloons in 
female than in male patients may be partially respon- 
sible for the higher mortality rate in women who re- 
quired such support. 

Implications: Intraaortic balloon pumping to sup- 
port the failing circulation is now an accepted thera- 
peutic modality. The device is relatively simple. Inser- 
tion can be accomplished rapidly and efficiently in 
emergency rooms, coronary care units, cardiac cathe- 
terization suites and operating rooms before, during and 
after operation. The hemodynamic effects are imme- 
diate and predictable, and accruing clinical results show 
increasing survival and hospital discharge rates.?5 
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Right ventricular endomyocardial biopsy was performed to make a di- 
agnosis of inflammatory myocarditis in 10 patients with congestive heart 
failure. All 10 patients were treated with immunosuppressive agents 
(either prednisone alone or prednisone in combination with azathioprine) 
and were followed up prospectively. Each patient had serial invasive and 
noninvasive assessments of cardiac performance, and 9 of 10 had one 
or more follow-up endomyocardial biopsies. The course of four patients 
who showed dramatic improvement in association with immunosup- 
pressive therapy is described in detail. In addition to these four patients, 
one other had definite improvement and four subjects had stabilization 
of previously progressive heart failure; the condition of one patient 
worsened, and he died despite immunosuppression. In the seven patients 
who had cell inflammation, six underwent a second biopsy after a period 
of immunosuppressive therapy, and in each case, the inflammatory in- 
filtrate had been eliminated. In two of these patients, signs and symptoms 
of myocarditis recurred after discontinuation of therapy, and myocardial 
biopsy confirmed the recrudescence of cell inflammation. Reinstitution 
of therapy improved symptoms and histologic findings. 

It is concluded that endomyocardial biopsy can be used to diagnose 
inflammatory myocarditis and to monitor the histologic results of therapy. 
Our findings constitute circumstantial evidence that immunosuppressive 
therapy is effective in eliminating myocardial cell inflammation and 
thereby improving myocardial performance. 


A controversy exists regarding the use of immunosuppressive agents for 
the treatment of acute inflammatory myocarditis. Anecdotal reports!“ 
have suggested improvement of myocarditis subsequent to adminis- 
tration of steroids, whereas laboratory investigations?" have suggested 
a potential for adverse rather than beneficial effects of immunosup- 
pressive therapy in myocarditis. A great deal of this controversy stems 
from difficulty and inaccuracy in the diagnosis of inflammatory myo- 
carditis in man, and from uncertainty regarding the causes of the disease. 
The purpose of this report is to illustrate the use of endomyocardial bi- 
opsy for specific diagnosis of inflammatory myocarditis and to present 
evidence suggesting the efficacy of antiinflammatory therapy. 


Methods 


Patients: Ten patients who underwent endomyocardial biopsy revealing in- 
flammatory myocardial disease are included in this report. Because all 10 were 
treated with antiinflammatory agents, there is no untreated control group for 
comparison. Since the institution of the endomyocardial biopsy technique at 
Stanford, accepted indications for endomyocardial biopsy have evolved. Thus, 
it is difficult to provide a detailed description of the patient population from 
which the 10 subjects of this report have been drawn. In general, most patients 
have come to this Medical Center with sudden onset of myocardial disease; a 
large proportion of patients with long-standing, unexplained congestive heart 
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failure apparently due to myocardial disease have undergone 
endomyocardial biopsy. The entire group undergoing myo- 
cardial biopsy for suspected cardiomyopathy exceeds 400. 

Right ventricular endomyocardial biopsy: This proce- 
dure was carried out by a previously described technique? in 
which right ventricular septal specimens were obtained. In 
general, three separate specimens were taken, although fewer 
samples were required if individual specimens were large 
enough to be cut into two or more pieces measuring 1.5 mm? 
or more, and more than three specimens were obtained when 
individual samples were smaller. Individual pieces of tissue 
were preserved in 10 percent buffered formalin solution for 
light microscopy, in 2.5 percent buffered glutaraldehyde for 
electron microscopy, and frozen in an embedding solution for 
subsequent immunofluorescent staining (with commercially 
available antihuman immunoglobulins [IgG, IgA and IgM], 
and complement) or for additional microscopic studies. 

Other diagnostic procedures: Echocardiography was 
performed with a Smith-Kline Ekoline 20-A Ultrasonoscope. 
Left ventricular cineangiography was performed in standard 
fashion in a 30? right anterior oblique projection. Ambulatory 
monitoring was performed using a computerized analysis 
system developed at Stanford. 

Therapy: Initial immunosuppressive regimens were similar 
to that used for mild or moderate cardiac allograft rejection 
in human beings.? Subsequent doses were modified according 
to the patient's clinical status. 


Results 


Case Reports 


Four brief case reports of patients with dramatic responses 
to immunosuppressive therapy for inflammatory myocardial 
disease follow. 'The other six patients treated with antiin- 
flammatory agents are discussed later. 


Case 1: A 15 year old girl presented with a 6 month history 
of fatigue and palpitations. In the 6 weeks before endomyo- 
cardial biopsy, refractory congestive heart failure had sud- 
denly developed. The patient complained of atypical chest 
pain, back pain and presYncope. On physical examination, the 
blood pressure was 90/80 mm Hg and the pulse rate 130 





à 





beats/min. A third heart sound and apical systolic murmur 
were present. The chest roentgenogram (Fig. 1A) demon- 
strated cardiomegaly. At cardiac catheterization left ven- 
tricular pressures (systolic/diastolic/end-diastolic) were 
93/10/13 mm Hg. Cardiac index was 2.3 liters/min per m2. The 
left ventricular angiogram showed a very poorly contractile 
left ventricle with markedly increased volumes. The echo- 
cardiogram (Fig. 2A) confirmed the angiographic findings. An 
endomyocardial biopsy demonstrated a distinct mononuclear 
cell infiltrate of the endomyocardium. 

Therapy with prednisone (40 mg/m?) was initiated and 
tapered over a 2 month period to 25 mg/m?. Within 3 months 
the patient was free of symptoms and was able to resume 
normal activities. A chest roentgenogram (Fig. 1B) demon- 
strated that heart size had returned to normal, and an echo- 
cardiogram (Fig. 2B) revealed normal left ventricular size and 
fractional shortening. After 5 months of therapy a repeat 
endomyocardial biopsy showed complete disappearance of 
the lymphocytic infiltrate. However, with attempted dis- 
continuation of prednisone after 7 months of therapy, the 
signs and symptoms recurred. Endomyocardial biopsy re- 
vealed return of the infiltrate and immunosuppressive therapy 
was reinstituted, with resolution of symptoms once again. 
After 12 months of therapy it was possible to discontinue 
prednisone. The patient has remained asymptomatic with no 
evidence of cardiac disease for 4 years since withdrawal of 
steroid therapy. ` 


Case 2: A 41 year old woman experienced the sudden onset 
of atypical chest pain. She was hospitalized 4 days later in 
cardiogenic shock. Myocardial infarction was ruled out. She 
was referred to Stanford Medical Center 3 weeks after pre- 
sentation. The initial chest roentgenogram demonstrated 
cardiomegaly and pulmonary edema (Fig. 3A). Cardiac 
catheterization revealed a left ventricular end-diastolic 
pressure of 17 mm Hg, and a cardiac index of 1.7 liters/min per 
m^. Cineangiography showed a dilated left ventricular cavity, 
considerable mitral regurgitation, and an ejection fraction of 
18 percent (Fig. 4A). Endomyocardial biopsy revealed a 
striking mononuclear cell infiltrate (Fig. 5A). 

Immunosuppressive therapy was instituted with predni- 
sone (60 mg/m?) and azathioprine (Imuran®) (75 mg/m?). 





FIGURE 1. Case 1. Posteroanterior chest X-ray films. A, at the time of presentation showing considerable cardiomegaly. B, after immunosuppressive 


therapy, the cardiac silhouette is normal. 
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There was marked improvement in symptoms and heart size 
after 6 weeks of therapy (Fig. 3B). Endomyocardial biopsy 
performed after 4 months of therapy showed a complete ab- 
sence of cell infiltrate (Fig. 5B), and immunosuppressive 
therapy was discontinued. However, symptoms slowly re- 
turned, and a third endomyocardial biopsy (Fig. 5C) showed 
a dramatic return of the cell infiltrate, as well as considerable 
endocardial and interstitial fibrosis. Treatment with azathi- 
oprine (50 mg/day) was reinstituted and continued for 5 
months. At 10 months the chest roentgenogram was normal 
(Fig. 3C) and the hemodynamic findings were entirely normal; 
the cardiac index had increased to 4.0 liters/min per m°. 
Cineangiogram demonstrated a normal ejection fraction of 
51 percent (Fig. 4B). Resolution of the cell infiltrate was again 
documented on endomyocardial biopsy, and azathioprine was 
discontinued. One year later a fifth and final biopsy (Fig. 5D) 
revealed considerable fibrosis but absence of cell infiltrate. 
The patient has remained asymptomatic for 3 1/2 years since 
completion of therapy. 


Case 3: A 51 year old man experienced a viral illness. Three 
months later, congestive heart failure developed and was as- 
sociated with recurrent complex ventricular arrhythmias in- 
cluding ventricular tachycardia. Six weeks after the devel- 
opment of heart failure, he was referred to Stanford Medical 
Center for consideration for cardiac transplantation. The 
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FIGURE 2. Case 1. Echocardio- 
grams obtained before (A) and after 
(B) institution of immunosuppres- 
sive therapy. The tracings are in- 
tended to compare left ventricular 
size and contraction changes re- 
sulting from therapy. Because it 
was technically impossible to obtain ' 
high quality tracings in this subject, $48% es 
precise measurements could not be : 
performed. However, it is clear that 
Panel A shows a dilated left ventri- 
cle with poor contractility and Panel 
B a normal ventricle. 
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initial chest roentgenogram revealed cardiomegaly. The left 
ventriculogram demonstrated marked left ventricular cavity 
enlargement and an ejection fraction of 14 percent. Hemo- 
dynamic study demonstrated modest pulmonary hypertension 
(mean 31 mm Hg), elevated left ventricular end-diastolic 
pressure (32 mm Hg) and a reduced cardiac index (1.4 liters/ 
min per m?). Endomyocardial biopsy revealed a modest in- 
terstitial mononuclear cell infiltrate. 

Immunosuppressive therapy was initiated with prednisone 
(50 mg/m?) and azathioprine (75 mg/m7). The prednisone 
dosage was halved over a 6 week period. There was a marked 
improvement in symptoms of congestive heart failure, and 
ventricular arrhythmias resolved. Repeat hemodynamic study 
after 2 months of therapy revealed a reduction of pulmonary 
arterial mean pressure to normal (20 mm Hg). The left ven- 
tricular end-diastolic pressure had decreased to 22 mm Hg, 
and the cardiac index had increased to 2.6 liters/min per m?. 
Left ventricular angiography revealed an increase in ejection 
fraction to 38 percent. Repeat endomyocardial biopsy at 1 and 
9 months of therapy showed absence of cell infiltrate. The 
patient has maintained this improvement after 1 year of fol- 
low-up, and immunosuppressive therapy has been discon- 
tinued. 


Case 4: A 20 year old man sought medical attention for 
pharyngitis of uncertain cause. However, 4 weeks later he had 
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congestive heart failure with marked cardiomegaly. He was 
referred to Stanford for consideration for cardiac transplan- 
tation when his condition continued to deteriorate. Hemo- 
dynamic study revealed the following mean pressure values: 
right atrial 13 mm Hg, pulmonary arterial 36 mm Hg, pul- 
monary arterial wedge 27 mm Hg, and arterial 74 mm Hg; 
cardiac index was 1.7 liters/min per m? during therapy with 
intravenous nitroprusside and dobutamine. Endomyocardial 
biopsy demonstrated a very heavy mononuclear cell myo- 
cardial infiltrate (Fig. 6A). 

Immunosuppressive therapy was started with methyl- 
prednisolone (1 g administered intravenously on 3 successive 
days), followed by intravenous prednisolone (100 g daily). 
Azathioprine was prescribed, but could not be taken because 
it resulted in persistent vomiting. After 3 weeks of therapy, 
marked symptomatic improvement was noted and the patient 
became ambulatory. Cardiomegaly decreased modestly. 
Cardiac catheterization at 4 weeks revealed a reduction in 
mean right atrial pressure to 4 mm Hg, mean pulmonary ar- 





terial pressure to 29 mm Hg and mean pulmonary arterial 
wedge pressure to 21 mm Hg, as well as a marked increase in 
cardiac index to 3.6 liters/min per m? during oral therapy with 
hydralazine and nitrates. Repeat endomyocardial biopsy (Fig. 
6B) showed complete absence of cell infiltrate. T'he prednis- 
olone dosage was slowly tapered to 50 mg/day. However, the 
patient had pulmonary infection with Aspergillus and several 
bacteria and died 2 1/2 months after initiation of therapy. 


Other Findings 


Thorough screening for the possibility of collagen 
vascular disease, including routine chemical screening 
batteries, complete blood count, erythrocyte sedimen- 
tation rate, antinuclear antibody titer, latex fixation test 
and lupus cell preparation, was carried out in all four 
patients. Except for an abnormal sedimentation rate of 
35 mm in 1 hour in Case 3 (our normal laboratory value 
is up to 9 mm in 1 hour in men), which became normal 





FIGURE 3. Case 2. Chest roentgenograms. A, a supine anteroposterior 
X-ray film taken at the time of initial hospital admission, showing marked 
cardiomegaly and pulmonary edema. B, posteroanterior X-ray film taken 
6 weeks after initiation of immunosuppressive therapy, showing re- 
duction in heart size and clearing of the lung fields. C, after 10 months 
of immunosuppressive therapy, the heart size has returned to 
normal. 
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before treatment and may have been a result of therapy 
with procainamide, no blood studies gave evidence for 
collagen vascular disease or other systemic immunologic 
disorders. Serial viral titers, assessed in each of the 
subjects, were also unrevealing. In addition, electron 
microscopy failed to demonstrate viral particles. Car- 
diac tissue collected in Earle's medium in Case 1 was 
submitted for viral studies, and the results were nega- 
tive. 

Biopsy diagnosis of myocarditis and autopsy 
findings: Each of these four patients had two to four 
separate myocardial specimens submitted for histologic 
and ultrastructural studies at each procedure. The 
pathologic findings were uniform from specimen to 
specimen, suggesting that sampling error did not in- 
terfere with accurate interpretation. In each patient the 


FIGURE 4. Case 2. In this and sub- 
sequent left ventricular angio- 
graphic illustrations, an end-dia- 
stolic cine frame (ED) is displayed 
on the left, and the corresponding 
end-systolic frame (ES) on the right. 
The left ventricular contours are 
outlined in ink. A, left ventricular 
enlargement and an ejection frac- 
tion of 18 percent before immuno- 
suppressive therapy. B, normal left 
ventricular ejection fraction of 51 
percent after 10 months of immu- 
nosuppressive therapy. 





diagnosis of myocarditis was based on the presence of 
striking diffuse lymphocytic infiltrates with some 
plasma cells and histiocytes. Because the biopsy spec- 
imens were obtained from the right ventricular apex, 
only very small vessels were seen. However, perivascular 
infiltrates, similar to those seen in the interstitium, were 
identified, and in Case 2 vascular damage and adjacent 
minimal hemorrhage were found. Myocytolysis with 
focal myocyte necrosis was present, and early fibrosis 
with associated fibroblasts was seen in all four cases. 
Eosinophils, atypical lymphocytes and intact vascular 
walls, as might be expected in a hypersensitivity lesion, 
were absent in these four patients. At autopsy, per- 
formed in Case 4, the heart was dilated and had right 
and left ventricular mural thrombi; there was no evi- 
dence of myocarditis, although there was a: healing fi- 
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FIGURE 5. Endomyocardial biopsy specimens. A, obtained before immunosuppressive therapy, showing an obvious lymphocytic infiltrate (arrows) 
that was present in each biopsy specimen. (Hematoxylin-eosin X 120, reduced by 28 percent.) B, obtained after 4 months of immunosuppressive 
therapy; there is now complete absence of cell infiltrate. Blood clot (BC) is attached to the biopsy specimen. (Hematoxylin-eosin X 192, reduced 
by 32 percent.) C, after discontinuation of immunosuppressive therapy. There is a return of the lymphocytic infiltrate and, in addition, considerable 
pericardial infiltrate is present (arrows). (Hematoxylin-eosin X 120, reduced by 27 percent). D, the final biopsy, taken 1 full year after initiation 
of immunosuppressive therapy, shows considerable fibrosis (arrow), but absence of cell infiltrate. (Hematoxylin-eosin X 120, reduced by 32 per- 
cent.) 


brinous pericarditis suggesting that a myopericarditis 
had indeed been previously present. 


Other Cases 


Six additional patients (Cases 5 to 10, Table I) with 
inflammatory myocardial disease were treated with 
immunosuppressive therapy. Three of these patients 
had cell infiltrates similar to those of the preceding 
patients. All three patients had presented with pro- 
gressive deterioration and each was treated with pred- 
nisone and azathioprine. The condition of one of these 
patients worsened, and he died despite therapy; the 
other two showed no further progression, but had no 


clear improvement subsequent to initiation of immu- 
nosuppressive therapy. Three patients were not found 
to have cell inflammatory infiltrates on biopsy, but did 
have striking IgG myocardial infiltration documented 
on immunofluorescent staining. One of these three pa- 
tients had definite improvement with immunosup- 
pressive therapy, but died postoperatively. The other 
two patients showed no further progression of disease, 
but their condition was not improved. 

All patients except Patient 5 had repeated endomy- 
ocardial biopsies. Cell inflammation was eliminated in 
two patients (Cases 6 and 7). Because the immunoflu- 
orescent staining technique is not quantitative, biopsy 
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FIGURE 6. Case 4. Endomyocardial biopsy specimens. A, before treatment, showing a definite inflammatory infiltrate of lymphocytes (large arrows). 
Note also perivascular infiltrate (small arrows). (Hematoxylin-eosin X 120, reduced by 29 percent.) Inset, detail of inflammatory infiltrate. (Hema- 
toxylin-eosin X 480, reduced by 29 percent.) B, after 4 weeks of immunosuppressive therapy, showing normal myocardium and no evidence of 
an inflammatory infiltrate. (Hematoxylin-eosin X 120, reduced by 33 percent.) 


assessment of the results of therapy in Cases 8 to 11 is 
not possible, except to note that the gamma-G globulin 
infiltrates were not totally abolished. 


Discussion 


Etiology of inflammatory myocardial disease: 
The presence of inflammatory myocardial infiltrates in 
some patients with the sudden onset of congestive heart 
failure has suggested the use of antiinflammatory agents 
for therapy. However, use of such therapy must be 
considered entirely empirical because the cause of the 
inflammatory infiltration remains unknown. Although 
a viral origin has been implicated in some cases,!0-1? it 
is frequently not possible to develop evidence of an in- 
fectious disorder in patients with inflammatory myo- 
cardial disease. Furthermore, even in subjects with 
documented viral infection, it has not been determined 
if the inflammatory infiltrate is a destructive process, 
a reparative process or irrelevant to the myocardial 
disorder. There was no evidence in our patients of a viral 
or a nonviral infection or a systemic immunologic dis- 
turbance. 

Nevertheless, the presence of inflammatory infil- 
tration in autopsy specimens of patients succumbing to 
acute congestive heart failure has served as an impetus 
to assess the efficacy of antiinflammatory agents in 
patients presenting with sudden onset congestive heart 
failure of unknown origin, and therapeutic successes 
have been reported.!~4 Unfortunately, the actual pres- 
ence of inflammatory myocardial infiltrates was not 
documented in those cases. The sudden onset and rapid 
progression of myocardial disease by no means guar- 
antee the presence of inflammatory myocarditis. In the 
majority (75 to 85 percent) of patients with such a pre- 


sentation, inflammatory infiltrates are not present on 
myocardial biopsy (unpublished observations from this 
laboratory). 

Efficacy of immunosuppressive therapy: Whereas 
little evidence has been reported regarding the ineffi- 
cacy of steroid therapy in “myocarditis,” some au- 
thors!?.'^ have stated that steroid therapy is generally 
ineffective. In fact, animal investigations of virus-in- 


duced myocarditis have suggested the possibility of 





TABLE ! 
Subjects Treated for Inflammatory Myocardial Disease 
Age (yr) Infil- 
Case & Sex trate Therapy Course 
1 15F Cell Prednisone alone Improved 
2 41F Cell Prednisone and Improved 
azathioprine 
3 51M Cell Prednisone and Improved 
azathioprine 
4 20M Cell Prednisone and Improved, died 
azathioprine of pneumonia 
5 44M Cell Prednisone and Worsened, 
azathioprine died 
of CHF 
6 57F Cell Prednisone and No further 
azathioprine progression 
7 12F Cell Prednisone and No further 
azathioprine progression 
8 62M IgG Prednisone and Improved, died 
azathioprine postop 
9 59M IgG Prednisone and No further 
azathioprine progression 
10 45F IgG Prednisone alone No further. 
progression 


* Azathioprine discontinued early in course (see text). 
CHF = cardiac heart failure; IgG = gamma-G globulin; postop = 


postoperatively. 
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adverse influences of immunosuppressive agents.5-7 
Steroids may inhibit interferon synthesis? which might 
exacerbate a viral infectious process.®7 

These considerations form the basis of the contro- 
versy regarding the use of immunosuppressive therapy 
in myocarditis. However, this controversy is not based 
on direct evidence. Patients with a clinical diagnosis of 
myocarditis who have responded to immunosuppressive 
therapy may not have had inflammatory infiltrates, and 
there is little doubt that many patients in whom im- 
munosuppressive therapy has failed also may not have 
had cell inflammation. Our study demonstrates that 
endomyocardial biopsy can be used to diagnose true 
inflammatory myocardial cell disease before death. Our 
study also affords circumstantial evidence that immu- 
nosuppressive therapy may eliminate inflammatory 
infiltrates, and thereby improve myocardial perfor- 
mance. However, this evidence remains circumstantial 
because we do not have a control group of patients in 
which to compare the results of immunosuppressive 
therapy. It is entirely possible that the five patients who 
showed improvement did so despite, rather than as a 
consequence of, antiinflammatory therapy. However, 
the recrudescence of heart failure associated with 
reappearance of inflammatory infiltrates after with- 
drawal of immunosuppressive therapy in Cases 1 and 
2, followed by therapeutic responses to reinstitution of 
treatment, is compelling evidence favoring efficacy of 
immunosuppressive therapy. 

It is important to note that immunosuppression, 
especially with large dose intravenous therapy, repre- 


sents a considerable risk of infection to the patient.!5 
This point is illustrated by Patient 4, who might have 
maintained considerable hemodynamic improvement 
had he not succumbed to infection. In addition, chronic 
therapy with steroids and azathioprine can result in a 
myriad of other adverse side effects, some of them 
life-threatening. 

Diagnostic and therapeutic recommendations: 
On the basis of our findings and available reported in- 
formation, we make the following recommendations 
regarding diagnosis and therapy of acute inflammatory 
myocarditis: 

1. A diagnosis of inflammatory myocarditis should be 
considered in patients with rapid onset of congestive 
heart failure with no identifiable cause. 

2. Because of the potential adverse effects of immu- 
nosuppressive drugs, endomyocardial biopsy should be 
performed to document myocardial inflammation be- 
fore institution of immunosuppressive therapy. 

3. If improvement or stabilization of the patient's 
status occurs during an initial 3 month period of ther- 
apy, chronic maintenance immunosuppressive therapy 
for 6 months to 1 year should be undertaken because 
recrudescence of disease may occur with early with- 
drawal of therapy. 

These recommendations must be considered tenta- 
tive because of the circumstantial nature of the evidence 
supporting them. A prospective randomized trial of 
immunosuppressive therapy in patients with biopsy- 
documented cellular inflammatory disease of the 
myocardium seems justified. 
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Tocainide has shown promise in the acute suppression of ventricular ar- 
rhythmias and in the treatment of such arrhythmias considered refractory 
to other drugs. However, there is little experience with tocainide therapy 
using currently acceptable statistical end points in patients not receiving 
conventional antiarrhythmic drugs concurrently. Accordingly, a double- 
blind, crossover study design was used to compare the effects of 2 week 
periods of placebo therapy and small dose (400 mg every 8 hours) to- 
cainide therapy in 10 patients with ventricular arrhythmias who were not 
receiving quinidine, procainamide or disopyramide. Ventricular arrhyth- 
mias were assessed with 24 hour ambulatory electrocardiographic 
monitoring and treadmill exercise. Individual patients not responding to 
small dose tocainide with at least an 80 percent decrease in ventricular 
premature complexes on ambulatory monitoring were given doses of 600 
mg and then 800 mg every 8 hours. Small dose tocainide therapy resulted 
in a decrease in ventricular premature complexes/hour from 364 + 98 
(standard error) to 127 + 50 (p « 0.05) and 5 of 10 patients had at least 
an 80 percent decrease. At higher dose levels, two additional patients 
had at least an 80 percent decrease. The response of ventricular ar- 
rhythmias during treadmill exercise was comparable with that during 
ambulatory monitoring. Side effects were minor or nonexistent in the seven 
patients who responded to tocainide, and effective mean serum con- 
centrations were 4.4 + 1.9 ug/ml, a value significantly lower than that 
previously reported to suppress refractory ventricular arrhythmias. It is 
concluded that tocainide is an effective agent in patients nol receiving 
concurrent therapy with conventional agents and that patients selected 
because of refractory ventricular arrhythmias may require higher serum 
concentrations of the drug than unselected patients. 


Several prior studies!-9 indicate that tocainide, an amine analog of lid- 
ocaine that can be administered orally, offers promise as an effective 
agent in the treatment of ventricular arrhythmias. In three of these 
studies,?-? patients were specifically selected because of ventricular 
arrhythmias that were refractory to quinidine, procainamide and pro- 
pranolol (disopyramide was not routinely available when these studies 
were performed). In two studies," tocainide was administered to a dose 
end point rather than to an antiarrhythmic end point because the in- 
vestigation was primarily intended to establish the relation between 
efficacy, dose and serum concentration. In the last of these studies,” 
tocainide was given on a dosing schedule of every 12 hours. Subsequent 
experience!?-6 has indicated that a dosing schedule of every 8 hours is 
feasible. 
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This study was undertaken to determine the efficacy 
of tocainide in a group of patients who were not selected 
because of refractory arrhythmias and who were not 
receiving concurrent therapy with quinidine, procain- 
amide or disopyramide. The drug was given to an anti- 
arrhythmic end point or to a maximal dose that is 
known to generally result in side effects, and the ar- 
rhythmias were assessed using 24 hour periods of am- 
bulatory electrocardiographic monitoring. In addition, 
because tocainide has not previously been tested for 
exercise-related arrhythmias, we also performed ar- 
rhythmia analysis during and after graded treadmill 
exercise. 


Methods 


Patient Characteristics 


Ten men (average age 55.6 years, range 48 to 64) were 
studied. Their clinical characteristics are summarized in Table 
I. Eight of the 10 subjects had a diagnosis of coronary ath- 
erosclerosis with prior myocardial infarction documented by 
clinical history and cardiac enzyme and electrocardiographic 
changes. T'wo subjects had no evidence of organic heart disease 
other than arrhythmias. All were selected because of the 
presence of either symptomatic ventricular arrhythmias as 
documented on prior ambulatory electrocardiographic mon- 
itoring or because of Lown and Wolf? class 4A or 4B ar- 
rhythmias with or without symptoms. No patient received 
quinidine, procainamide or disopyramide during the course 
of the study. Although several patients were receiving these 
drugs before the study was undertaken, no attempt was made 
either to quantitate their response or to demonstrate refrac- 
toriness to these drugs. During the course of the study pro- 


pranolol was taken by two patients, digoxin by three, anti- 
hypertensive medications by two and diuretic drugs by four; 
one patient received diphenylhydantoin for a seizure disorder. 
All medications other than tocainide were maintained at a 
constant dosage during the course of the study. 


Study Design 


Part I. Small dose tocainide versus placebo: The study 
was divided into two parts. The first was a double-blind, 
crossover trial of small dose tocainide (400 mg orally every 8 
hours) compared with placebo. In this part of the study, an 
initial 24 hour ambulatory electrocardiographic monitoring 
study was performed. In patients previously receiving quini- 
dine or procainamide, these drugs were discontinued 1 to 2 
days before the initial study. On the day that ambulatory 
monitoring was completed, a treadmill stress test was per- 
formed, using the protocol of Doan et al.,? with patients in the 
basal state. Patients were asked to exercise until symptoms 
of fatigue, shortness of breath or chest discomfort occurred 
and to attempt to exercise to the same level of symptoms on 
all subsequent exercise tests. Immediately after exercise, all 
patients were monitored electrocardiographically for 30 
minutes. The results of the initial ambulatory monitoring 
study and treadmill test were treated as familiarization studies 
and are not included in the results to be reported. After a 2 
week period during which the patients received no new med- 
ications and were on maintenance therapy with other medi- 
cations as indicated previously, ambulatory monitoring and 
treadmill studies were repeated. 'T'his second series of studies 
was used to ensure that there were no major changes in ar- 
rhythmias as a result of familiarization or residual effects of 
other antiarrhythmic drugs and the results also are not re- 
ported. 

Two 2 week double-blind crossover periods were then ini- 
tiated. At the end of each period, ambulatory monitoring and 








TABLE | 
Summary of Patient Data 
Effective or 
Maximal 
T Dose, (mg, 
q8h) and 
AEM Results at Effective or Maximal Mean Serum 
T Dose (n of VPCs/h, class) Concentra- 
Concurrent Drugs 96 A tions 
Case Age (yr) Diagnosis and Daily Dose P T, VPC/h (ug/ml) 
1 49 CAD, old MI, HT Alphamethyldopa, 1.5 g; 329, 4A 150, 4A —54 600; 6.3 
hydrochlorothiazide, 50 mg 
2 52 Uncertain Propranolol, 480 mg 1151, 4A 43, 2 —96 400; 2.9 
3 56 CAD, old MI, post CABG None 105, 4B 218,4B +108 800; 3.7 
4 56 Uncertain Diazepam, 15 mg 52,2 E —96 400; 3.0 
5 63 CAD, old MI Digoxin, 0.25 mg; 198, 4B 16, 4A —92 600; 4.4 
dyazide, 1 tablet/day; 
isosorbide, 180 mg 
6 58 CAD, old MI, SSS Digoxin, 0.125 mg alternating 470, 4A ra — 100 400; 4.5 
with 0.25 mg; 
diphenylhydantoin, 300 mg; 
hydrochlorothiazide, 100 mg 
7 64 CAD, old MI, HT Clonidine, 0.3 mg 321, 4A 31,3 —90 400; 5.0 
8 59 CAD, old MI, post CABG Digoxin, 0.125 mg alternating 461, 4B 33, 4A —93 400; 2.8 
with 0.25 mg; 
Furosemide, 40 mg; potassium 
chloride, 40 mEq 
9 51 CAD, old MI None 198, 4B 96, 2 -—52 800; 5.7 
10 48 CAD, old MI Propranolol, 160 mg 352, 4A 52, 2 —85 800; 8.2 


AEM = 24 hour ambulatory electrocardiographic monitoring; CABG = status/post coronary arterial bypass operation; CAD = coronary artery 
fs 


disease; Class = arrhythmia class according to Lown and Wol 
syndrome’”’; T = tocainide; VPC = ventricular premature complexes. 


HT = hypertension; MI = myocardial infarction; P = placebo; SSS = “sick sinus 
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treadmill testing were repeated. During these periods, the 
patients received either placebo or tocainide, 400 mg orally 
every 8 hours. At the end of the double-blind crossover period, 
the medication code was broken. For the purpose of study end 
points, patients were considered responders to tocainide if 
greater than 80 percent suppression of average hourly ven- 
tricular premature complex counts by ambulatory monitoring 
was achieved when the tocainide period was compared with 
the placebo period. This level was selected because two recent 
studies»? indicate that statistically significant suppression 
of ventricular premature complexes on ambulatory monitoring 
requires at least an 80 percent reduction in hourly counts on 
a 24 hour recording. If the patient was judged to be a re- 
sponder, the study was terminated at this point. 

Part II. Large dose tocainide in nonresponders to small 
doses: Patients who did not respond to small dose tocainide 
therapy with at least an 80 percent reduction in ventricular 
premature complexes on ambulatory monitoring were entered 
into the second part of the study, which consisted of one or two 
additional 2 week, nonblinded periods. During the first of 
these 2 week periods, tocainide was administered at a dosage 
of 600 mg every 8 hours. At the end of this period, ambulatory 
monitoring and treadmill tests were repeated. The study was 
discontinued at the end of this period if at least an 80 percent 
decrease in ventricular premature complexes was observed 
on ambulatory monitoring. Patients not responding to this 
dosage of tocainide were entered into a final 2 week period 
during which the drug was administered at a dosage of 800 mg 
every 8 hours and ambulatory monitoring and treadmill 
testing were repeated for a final time. 

Clinical and laboratory examinations: In addition to 
ambulatory monitoring and treadmill tests, a cardiovascular 
physical examination was performed and a 12 lead electro- 
cardiogram obtained at each visit during the entire study. 
Laboratory determinations, including hematocrit, hemoglo- 
bin, white blood cell count, platelet and reticulocyte count, 
blood urea nitrogen, serum creatinine, bilirubin, serum 
transaminases, albumin, globulin, alkaline phosphatase, 
prothrombin time, electrolytes, antinuclear antibody and 
Coombs test and routine urinalysis, were obtained at entrance 
into the study and after each treatment phase. All patients 
were questioned carefully with regard to symptoms and pos- 
sible side effects at the end of each 2 week period. Informed 
consent was obtained from all subjects. 

Serum tocainide levels: While receiving the maximal dose 
of tocainide each patient had blood samples obtained for to- 
cainide serum concentration determinations!? immediately 
before a dose and 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 8.0 hours 
after a dose. Serum tocainide concentrations are reported as 
mean levels over the 8 hour dosing interval. Mean serum 
concentrations of tocainide obtained in this study were sta- 
tistically compared with those reported in other studies? 
using the unpaired t test. 


Arrhythmia Analysis 


Ambulatory electrocardiographic monitoring: All 
ambulatory electrocardiographic studies were carried out 
using either Holter-Avionics model 400 or 445 Electrocardi- 
orecorders. Simultaneous, mutually perpendicular leads ap- 
proximating V» and Vg were recorded. The tapes were scanned 
visually for arrhythmias by a trained technician using an 
Avionics 660A Electroscanner. Any wide premature complexes 
suspected of being ventricular in origin were reviewed by one 
of us (M.L.). To minimize the chance that supraventricular 
complexes with aberrant conduction were mistakenly classi- 
fied as ventricular in origin, patients were excluded from the 
study if there was any suspicion of a P wave occurring in as- 


sociation with a premature complex (either before or after the 
complex), if the sinus node was reset in association with a 
premature complex, or if the initial forces of a premature 
complex appeared identical to a normal complex in both. 
mutually perpendicular leads. Single complexes judged to be 
ventricular in origin were subjected to hourly counting as were. 
more complex arrhythmias. All tapes were independently 
reviewed by a cardiologist employed by Astra Pharmaceutical 
Products, Inc., Framingham, Massachusetts, to ensure 
agreement with respect to identification of ventricular pre- 
mature complexes and hourly counts. 

As noted previously, the primary indication for considering 
a patient a responder to tocainide was a reduction of at least. 
80 percent in the average number of hourly ventricular pre- 
mature complexes at any dose level of the drug.^? In addition, 
arrhythmias were also classified according to the system of 
Lown and Wolf.’ In this system, grade 1 = fewer than 30 
ventricular premature complexes/hour; grade 2 = 30 or more 
ventricular premature complexes/hour; grade 3 = multiform 
ventricular premature complexes; grade 4A = ventricular 
couplets and grade 4B - ventricular tachycardia of 3 or more 
complexes. Grade 5 arrhythmias (R on T ventricular com- 
plexes) were not analyzed. Finally, a statistical analysis for the 
double-blind, crossover portion of the study was performed 
in which the average hourly ventricular premature complex 
response to small dose tocainide therapy was compared with 
response to placebo for the group as a whole. For this purpose, 
the Wilcoxon signed rank test!! was used to test for statisti- 
cally significant differences between the placebo and small 
dose tocainide periods, whereas the Hodges-Lehrman meth- 
od!? was used to estimate the median change in ventricular 
premature complex counts between these two periods. 

Exercise testing: Arrhythmias during and after exercise 
were analyzed from a modified V5-V lead system. An ap- 
proach similar to that used during ambulatory monitoring was 
used. First, the absolute number of ventricular premature 
complexes occurring during and for 30 minutes after exercise 
was determined for each treadmill test and the number during 
the placebo period was compared with that during maximal 
dosage of tocainide. However, it should be noted that there 
are no data on exercise-associated arrhythmias comparable 
with those available for ambulatory monitoring?? with respect 
to the degree of suppression required to be assured of a sta- 
tistically significant response in an individual patient. Second, 
a classification system was devised for use during and after 
treadmill exercise. In this system, grade 1 = no ventricular 
premature complexes; grade 2 — single, unifocal ventricular 
premature complexes; grade 3 = multiform ventricular pre- 
mature complexes or ventricular couplets; and grade 4 = - 
ventricular tachycardia of 3 or more complexes. Finally, a 
group statistical analysis identical to that used for results of 
ambulatory monitoring was used to compare the absolute 
number of ventricular extrasystoles during and after exercise 
during the placebo and small dose tocainide treatment pe- 
riods. 


Results 


Ambulatory electrocardiographic monitoring: 
Results on ambulatory monitoring with the maximal- 
tocainide dosage given are presented in Table I. Com- 
pared with placebo, small dose tocainide therapy re- 
sulted in a decrease of at least 80 percent in average 
hourly ventricular premature complex counts in 5 of 10 
patients. The actual percent reduction ranged from 91 
to 100 percent. These five patients were therefore not 
entered into the second portion of the study. At the next 
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tocainide dose level (600 mg every 8 hours), one of the 
remaining patients had a 92 percent reduction in aver- 
age ventricular premature complex counts and the 
study was therefore terminated at this dose level. Be- 
cause none of the remaining four patients had at least 
an 80 percent reduction at a dose of 600 mg every 8 
hours, all four were given the highest dose level of to- 
cainide (800 mg every 8 hours). At the highest dose level, 
one patient had an 85 percent reduction in average 
ventricular premature complex counts compared with 
placebo. Of the remaining three patients, one had a 52 
percent reduction and one a 108 percent increase in 
average counts, whereas the final patient could not 
tolerate large dose tocainide because of side effects, 
which will be discussed subsequently. The latter patient 
had a 54 percent reduction in average ventricular pre- 
mature complexes while receiving tocainide at a dose 
level of 600 mg every 8 hours. Thus, 7 of the 10 patients 
achieved the therapeutic end point of at least an 80 
percent reduction in ventricular premature complex 
counts at the largest dose administered. 

The results of tocainide therapy with respect to 
Lown and Wolf classification are shown in Figure 1. 
These results once again represent the effects of the 
largest dose of tocainide administered. Eight of the 10 
patients manifested improvement by at least one class. 
However, of the nine patients whose condition was 
classified 4A or 4B during placebo therapy, four re- 
mained in class 4A or 4B. Of the seven patients with at 
least an 80 percent reduction in average ventricular 
premature complex counts, six were originally classified 
as having 4A or 4B arrhythmia. Of these six, one re- 
mained in class 4A and five had improvement to class 
3 or better while receiving tocainide therapy. 

Results for the statistical comparison of the dou- 
ble-blind, crossover portion of the study were as follows: 
During placebo therapy, the average ventricular pre- 
mature complex count was 364 + 98.0 (standard error) 
/hour (range 52 to 1,151). During treatment with small 
dose tocainide therapy this value was 127 + 49.7 /hour, 
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FIGURE 1. Response of 10 patients to the maximal tocainide dosage 
as assessed by ambulatory monitoring with use of the Lown and Wolf 
classification." 


significantly lower than the placebo value (p «0.05). 
The median reduction in ventricular premature com- 
plexes/hour was 55 percent. 

Ventricular arrhythmias during exercise: Results 
during the treadmill exercise studies are summarized 
in Table II. Three of the 10 patients had no ventricular 
arrhythmias during exercise while receiving both pla- 
cebo and tocainide and hence are not included in this 
analysis. For the seven remaining patients, the average 
time spent on the treadmill was not significantly dif- 
ferent for the periods of placebo (5.4 + 0.8 minutes) and 
small dose tocainide therapy (6.2 + 0.8 minutes). The 
total number of ventricular premature complexes dur- 
ing exercise for this group averaged 49 + 18.4 during 
placebo administration. Small dose tocainide therapy 
resulted in a reduction of this value to 6 + 2.3 (p «0.05) 
with an 89 percent decrease in the median number of 
ventricular premature complexes during exercise. Of 
this group of seven, three were considered responders 
to small dose tocainide therapy on ambulatory moni- 
toring. For the latter three patients, the average number 
of ventricular premature complexes during exercise was 
81.0 (range 34 to 152) during placebo administration. 
All three had a marked reduction in the number of 
ventricular premature complexes during exercise with 
small dose tocainide therapy (average count 0.7, range 
0 to 2). 

The remaining four patients were not considered 
responders to small dose tocainide therapy on ambu- 
latory monitoring. One was considered a tocainide re- 
sponder on ambulatory monitoring when the dose level 
was 600 mg every 8 hours. He had 10 ventricular pre- 
mature complexes during exercise while receiving pla- 
cebo and 1 while receiving the 600 mg dose level of to- 
cainide. The remaining three subjects were considered 
nonresponders at any tocainide dose level on ambula- 
tory monitoring. One was the subject who could not 
tolerate tocainide at a dosage of 800 mg every 8 hours. 
This subject had 46 ventricular premature complexes 
during exercise while receiving placebo and none while 
receiving tocainide, 600 mg every 8 hours. The second 
nonresponder on ambulatory monitoring had nine 
ventricular premature complexes during exercise while 
receiving placebo and one while receiving tocainide, 800 


TABLE Il 


Summary of Results During Treadmill Exercise at Effective 
or Maximal Tocainide Dose 


amc a EE a CETERI PE DEN 


VPCs(n) Arrhythmia Class 
Case T 96 P T 
1 46 0 — 100 3 1 
2 152 2 —99 3 2 
3 32 23 —28 4 3 
5 10 1 —90 3 1 
6 57 0 — 100 2 1 
7 34 0 — 100 3 1 
9 9 1 —89 2 1 


E, UR RISE ^s IUS INR GUS D IS. T NR RR 
= placebo; T = tocainide; VPCs = ventricular premature com- 
plexes; A = change. 


1048 May 1980 The American Journal of CARDIOLOGY Volume 45 





mg every 8 hours. The final subject had 32 ventricular 
premature conplexes during exercise while receiving 
placebo and 23 while receiving tocainide, 800 mg every 
8 hours. Thus, of the seven patients subjected to ar- 
rhythmia analysis during exercise, six had marked 
suppression of ventricular premature complexes during 
exercise while receiving the maximal dose of tocainide 
administered, although three of these patients were not 
considered responders on ambulatory monitoring. The 
results of the classification system for exercise ar- 
rhythmias described under Methods are shown in Fig- 
ure 2. By this system, all seven patients manifested 
improvement by at least one class. 

Ventricular arrhythmias after exercise testing: 
One subject had no ventricular arrhythmias during and 
for 30 minutes after exercise while receiving both pla- 
cebo and tocainide. The following analysis is therefore 
confined to the nine remaining patients. These subjects 
had an average of 174 + 31.4 (range 18 to 357) ventric- 
ular premature complexes during the 30 minutes after 
exercise while receiving placebo. Small dose tocainide 
therapy resulted in a reduction of this value to 44 + 17.4 
(range 0 to 137, p «0.05) with a median reduction of 66 
percent. Of these nine subjects, four were considered 
responders to small dose tocainide therapy by ambu- 
latory monitoring. In these four responders, small dose 
tocainide therapy resulted in a reduction in the average 
number of ventricular premature complexes after ex- 
ercise from a placebo value of 189 (range 18 to 357) to 
a value of 13 (range 0 to 34). The percent reduction 
ranged from 78 to 100 percent. One of the nine patients 
was considered a responder on ambulatory monitoring 
at a tocainide dose level of 600 mg every 8 hours. He had 
123 ventricular premature complexes after exercise 
while receiving placebo and 14 while receiving tocainide, 
600 mg every 8 hours. Another patient was considered 
a responder on ambulatory monitoring at a tocainide 
dose level of 800 mg every 8 hours. He had 125 ventric- 
ular premature complexes after exercise while receiving 
placebo and 1 complex while receiving tocainide, 800 mg 
every 8 hours. The remaining three subjects were those 
considered nonresponders to tocainide on ambulatory 
monitoring. The subject who could not tolerate to- 
cainide, 800 mg every 8 hours, had 238 ventricular pre- 
mature complexes after exercise while receiving placebo 
and 189 while receiving tocainide, 600 mg every 8 hours. 
The second of these patients had 199 ventricular pre- 
mature complexes after exercise while receiving placebo 
and 146 while receiving tocainide, 800 mg every 8 hours. 
The final subject had 123 ventricular premature com- 
plexes after exercise while receiving placebo and 139 
while receiving tocainide, 800 mg every 8 hours. Thus, 
with respect to absolute numbers of ventricular pre- 
mature complexes after exercise, the results appeared 
to parallel those obtained during ambulatory moni- 


— toring; that is, the nonresponders on ambulatory mon- 


itoring also did not appear to respond when arrhythmias 
were assessed after exercise. 

The results of the exercise arrhythmia classification 
described under Methods were as follows: Six of the 
nine subjects had improvement by at least one class, two 
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had no change in class and one had worsening from class 
3 to class 4. Of the three patients considered nonre- 
sponders by ambulatory monitoring, one had im- 
provement by this classification. 

Side effects: Of the five patients considered to re- 
spond to small dose tocainide therapy on ambulatory 
monitoring, four had no side effects offered voluntarily 
or on direct questioning. One patient admitted, on di- 
rect questioning, to mild dryness of the mouth, that had 
no relation to the time of tocainide dosing. The patient 
considered a responder by ambulatory monitoring at a 
dosage of 600 mg every 8 hours admitted on direct 
questioning to mild nausea and lightheadedness oc- 
curring about 30 minutes after each dose at this level. 
The patient considered a responder at a dosage of 800 
mg every 8 hours spontaneously complained of mild 
nausea, dizziness and dry mouth occurring about 2 
hours after each dose at this level. Of the three nonre- 
sponders on ambulatory monitoring, one had no side 
effects at a dosage of 600 mg every 8 hours. However, 
after receiving tocainide, 800 mg every 8 hours for 3 
days, he had abdominal pain and dizziness that were not 
related to the time of dosing, and administration of the 
drug was discontinued. These side effects were de- 
scribed as mild, but the subject did not believe he could 
tolerate them for the 2 week study period. Neither of the 
other two nonresponders on ambulatory monitoring had 
side effects at a dosage of 400 mg or 600 mg every 8 
hours. One patient was a stutterer who believed that his 
stuttering became slightly worse while receiving 800 mg 
every 8 hours, whereas the other complained of mild dry 
mouth, also while receiving 800 mg every 8 hours. Thus, 
all four patients who received the drug at the maximal 
dosage of 800 mg every 8 hours had side effects although 
these were mild in each case. There were no abnor- 
malities detected in any of the laboratory determina- 
tions performed and no changes in physical examina- 
tion, blood pressure, resting heart rate or 12 lead elec- 
trocardiogram. 

Tocainide blood levels: In the seven patients con- 
sidered responders to tocainide on ambulatory moni- 
toring, the average mean serum concentration at the 
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FIGURE 2. Response of seven patients to the maximal tocainide dosage 
as assessed by treadmill exercise testing with use of the classification 
system described under Methods. 
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effective dose was 4.4 + 1.9 ug/ml (range 2.8 to 8.2). For 
the three nonresponders on ambulatory monitoring, the 
mean serum concentration averaged 5.2 ug/ml (range 
3.7 to 6.3) while they were receiving the maximal 
dosage. 

Because it appeared that the mean serum concen- 
trations at an effective dose were lower than those 
previously reported, we statistically compared our data 
with those reported by Winkle et al.? In the eight re- 
sponders to tocainide whose mean concentration was 
reported by Winkle et al.,? this value at an effective 
dosage averaged 8.0 + 1.2 ug/ml, significantly greater 
than the concentration in responders in our study (p 
« 0.001). In addition, we computed mean serum con- 
centrations in the patients with refractory ventricular 
arrhythmia we previously reported on* and compared 
the data with those in this study. In our previous group 
of 13 patients with refractory ventricular arrhythmia 
who responded to tocainide,* sufficient data were 
available to calculate mean serum concentrations in 11. 
For this group of 11, the average mean serum concen- 
tration was 8.6 +0.8 ug/ml, also significantly greater (p 
«0.001) than the mean serum concentrations in this 
study. 


Discussion 


Antiarrhythmic efficacy as assessed by ambu- 
latory monitoring: Because of the frequency of both 
side effects and lack of a therapeutic response with 
conventional agents, the development of newer agents 
for the treatment of ventricular arrhythmias continues 
to be of considerable interest. However, testing the ef- 
ficacy of an antiarrhythmic drug for the treatment of 
chronic ventricular arrhythmias is a difficult problem, 
in large measure because of day to day and hour to hour 
variations of such arrhythmias and the resultant effects 
on the statistical confidence with which conclusions can 
be drawn. Two recent studies^? directed toward an 
analysis of this problem came to virtually identical 
conclusions. Specifically, if ventricular arrhythmias are 
to be analyzed with 24 hour ambulatory monitoring, it 
appears that about an 80 percent reduction in average 
hourly extrasystole counts must be observed in order 
to state with statistical confidence that a significant 
therapeutic effect has been observed. Additionally, 
these studies have pointed out the importance of 
monitoring for a full 24 hour period. When shorter 
monitoring periods are used, considerably more sup- 
pression is required to arrive at conclusions that are 
statistically valid. 

In our study, we specifically selected an 80 percent 
reduction in average hourly extrasystole counts over a 
24 hour period as the primary criterion for classifying 
a patient as a responder to tocainide. Although it may 
be argued that in individual patients different end 
points for antiarrhythmic drug trials are more appro- 
priate from a clinical standpoint (for example, abolition 
of symptomatic ventricular arrhythmias), if the goal of 
a study is to test drug efficacy, the study design muat be 
based on a statistically valid method. If this primary 


criterion for drug response is used, tocainide could be 
considered efficacious in 7 of 10 patients. Additionally, 
when we used our secondary criteria, that is, the sta- 
tistical comparison of small dose tocainide therapy with 
placebo and changes in Lown and Wolf class, the drug 
also appeared efficacious. It must be stressed that, al- 
though our patients did not receive concurrent therapy 
with quinidine, procainamide or disopyramide, two 
patients received propranolol and one diphenylhy- 
dantoin. Therefore, synergism between tocainide and 
the latter agents cannot be excluded in these pa- 
tients. 

Comparisons with previous tocainide trials: With 
these considerations in mind, it is appropriate to com- 
pare our results with those of prior trials of tocainide. 
Woosley et al.,? using a short-term combined single- 
blind and randomized crossover protocol, documented 
at least a 75 percent reduction in ventricular extrasys- 
tole counts in 8 of 12 patients over a 12 hour monitoring 
period. None of the patients received other antiar- 
rhythmic agents concurrently and no comment was 
made with regard to the number of patients with re- 
fractory arrhythmias. 'The end point for their study was 
the occurrence of side effects or the therapeutic goal of 
a count reduction of 75 percent over 12 hours. Among 
prior tocainide trials, the design of the study of Woosley 
et al.? is closest to that of our study. However, in addi- 
tion to the 12 hour monitoring period used by Woosley 
et al., a major difference was that they administered 
tocainide on a dosing schedule of every 12 hours. They 
commented that the antiarrhythmic efficacy appeared 
significantly reduced toward the end of the dosing pe- 
riod, but they indicated reluctance to administer the 
drug more frequently because of side effects. 

In another short-term study, Winkle et al.! admin- 
istered tocainide in single-blind fashion at dose levels 
of 400 mg and then 600 mg every 8 hours to 15 subjects. 
In most of the subjects, administration of other anti- 
arrhythmic drugs was discontinued and no comment 
was made with regard to the presence of refractory ar- 
rhythmias. Antiarrhythmic efficacy was judged from 
8 hour extrasystole counts, and 11 of 15 subjects 
had at least 70 percent suppression. The study end 
point was attainment of steady state plasma concen- 
trations at the higher dose level rather than an ar- 
rhythmia or side effect end point. Winkle et al.? also 
administered tocainide to 17 patients on a long-term 
basis using a nonblinded protocol and concluded that 
9 responded satisfactorily. These patients all had ar- 
rhythmias that previously could not be managed with 
quinidine, procainamide or propranolol. Most patients 
did not receive any of these three drugs concurrently 
with tocainide. Eight hour periods of ambulatory 
monitoring were used to assess arrhythmia control. The 
end point for tocainide therapy was individualized in 
each patient provided that intolerable side effects did 
not occur. Thus, in some patients the goal was abolition 
of major symptomatic arrhythmias without any specific 
requirement for control of asymptomatic arrhythmias, 
whereas in others “sustained suppression" of asymp- 
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tomatic arrhythmias was required. Specific criteria for 
sustained suppression" were not enumerated. 

Because of these basic differences in study design, it 
is difficult to compare the long-term study of Winkle 
et al.? with our present study. In our own prior studies 
of long-term tocainide therapy,*? we administered the 
drug in nonblinded fashion to 30 patients with ar- 
rhythmias that were refractory to quinidine and pro- 
cainamide (as judged by lack of a therapeutic effect 
despite adequate serum concentrations) and that also 
did not respond to propranolol if the latter drug was not 
contraindicated. Many of these patients received anti- 
arrhythmic therapy concurrently with tocainide. We 
used 24 hour monitoring periods to assess arrhythmias 
and used as our end point either the development of 
intolerable side effects or the attainment of each of three 
therapeutic goals: abolition of ventricular tachycardia, 
improvement in Lown and Wolf class and reduction by 
at least 75 percent of average hourly extrasystole counts. 
Thirteen of 30 patients were considered responders with 
. use of these criteria. 

From the standpoint of study end points and the 
length of ambulatory monitoring periods used to assess 
arrhythmia control, our own prior long-term study is 
most comparable with this study. However, despite the 
differences in study design among the various tocainide 
trials, it is remarkable that the numbers of patients who 
appear to respond to tocainide have been reasonably 
similar whether the drug has been given on a short- or 
long-term basis, to patients with either nonrefractory 
or refractory arrhythmias or in the presence or absence 
of other antiarrhythmic agents. These consistent results 
suggest that a fairly uniform proportion of patients will 
respond to the drug regardless of the clinical setting. 

Antiarrhythmic efficacy as assessed by treadmill 
exercise: Tocainide has not previously been evaluated 
for therapy of exercise-related arrhythmias. The results 
of our present study must be considered tentative be- 
cause of the small number of patients with sufficient 
numbers of extrasystoles during the placebo period and 
because statistical analyses of exercise-related ar- 
rhythmias comparable with those that are avallable for 
24 hour ambulatory monitoring periods have not been 
performed. Despite these drawbacks, tocainide did 
appear to be successful in suppressing ventricular ar- 
rhythmias related to exercise. Thus, small dose to- 
cainide therapy resulted in significant suppression of 
ventricular arrhythmias during exercise for the group 
as a whole, and during maximal tocainide dosage, six of 
seven patients had a major reduction in the number of 
ventricular premature complexes and all seven had 
improvement by at least one arrhythmia class (Table 
II). Two patients considered nonresponders on ambu- 
latory monitoring appeared to have a satisfactory re- 
sponse during exercise. Our results therefore suggest 
that tocainide thereby appears to be at least as effective 
when assessed with exercise testing as when it is as- 
sessed by ambulatory monitoring. Results during the 
30 minutes after exercise closely resembled those ob- 
tained with ambulatory monitoring; that is, the ambu- 
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latory monitoring results could be used to predict the 
postexercise response. 

Side effects: A major problem in the use of tocainide 
has been a large incidence of side effects. Thus, in our 
previous study* performed in patients with refractory 
arrhythmias we reported a 70 percent incidence rate of 
adverse reactions, although only two patients were 
considered to have major side effects. In this study, we 
encountered a 60 percent incidence rate of side effects. 
All of these side effects were minor (although in one 
subject they resulted in discontinuation of drug ad- 
ministration) and were qualitatively similar to those 
previously reported. Five of our 10 subjects demon- 
strated at least 91 percent suppression of arrhythmias 
on ambulatory monitoring and concomitant improve- 
ment in Lown and Wolf classification while receiving 
small dose (400 mg every 8 hours) tocainide therapy. 
Only one of these subjects had side effects, which in this 
case were trivial. Although more patients must be 
studied to substantiate these results, our data indicate 
that there may be significant numbers of patients who 
will respond well to small dose tocainide therapy with- 
out significant side effects. 

Prior experience with tocainide indicates that most 
of its side effects are toxic in nature and appear to be 
directly related to the serum concentration of the 
drug.!9? Our 2 week study period should have been more 
than sufficient to attain steady state pharmacokinet- 
ics1:26 and therefore to allow detection of such toxic side 
effects. Less common idiosyncratic reactions to to- 
cainide have been reported,- but a short-term study 
such as this one cannot provide adequate information 
to assess their frequency and significance. 

Tocainide serum concentrations: The relatively 
wide range of mean effective serum concentrations that 
we observed is similar to that reported in prior stud- 
ies.!-6 However, we were impressed that the mean serum 
concentrations in our responders to tocainide appeared 
to be on the average lower in comparison with those of 
other tocainide trials in which mean serum concentra- 
tions over an 8 hour dosing interval have been reported. 
Thus, in the short-term study of Winkle et al.,! the 
mean steady state concentration in responders averaged 
7.2 + 1.5 ug/ml during treatment with 400 mg every 8 
hours and 10.2 + 1.9 ug/ml during treatment with 600 
mg every 8 hours. In the long-term study of Winkle et 
al.? the mean steady state concentration in responders 
averaged 8.0 + 1.2 ug/ml. On the basis of data published 
in the latter study, we were able to compare statistically 
our mean serum concentrations in responders with 
those reported by Winkle et al.? and found a highly 
significant difference. However, our criteria for as- 
sessing responsiveness to tocainide were considerably 
different from those used by Winkle et al.? Therefore, 
we also compared our serum concentrations with those 
in our previous studies ^? in which 24 hour monitoring 
periods were used and the criteria for drug efficacy were 
more comparable; once again we found that effective 
serum concentrations were significantly lower in this 
study. 


May 1980 The American Journal of CARDIOLOGY Volume 45 1051 


toot ef ere WR AWE IVAO —LEVINICKH CI AL. 


These results suggest that our patients were more 
sensitive to tocainide than patients selected because of 
refractory arrhythmias and may also provide an ex- 
planation for the relatively large number of patients who 
responded to small dose tocainide therapy with minimal 
or no side effects. Thus, in the five patients responding 
to small dose tocainide therapy, the average effective 
serum concentration was only 3.6 ug/ml (range 2.8 to 
5.0), and this value was even lower than that in the total 
group of seven responders. Although determination of 
the mechanism of this apparent difference in sensitivity 
is beyond the scope of our study, it is probably related 
in some way to the selection of patients with refractory 
arrhythmias in the two studies in which statistical 
comparisons could be made. 


Implications: The results of this study indicate that 
tocainide is efficacious in the treatment of ventricular 
arrhythmias as assessed by both ambulatory monitoring 
and treadmill exercise in patients not receiving con- 
current therapy with quinidine, procainamide or diso- 
pyramide. In addition, our patients may have been more 
sensitive to tocainide than previously studied patient 
groups selected because of the presence of refractory 
arrhythmias. 
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The clinical and electrophysiologic features of eight patients with unusually 
rapid, medically refractory paroxysmal supraventricular tachycardia are 
described. Exercise induction of tachycardia and functional bundle branch 
block patterns during tachycardia were common. Tachycardia resulted 
from anterograde enhanced atrioventricular nodal conduction combined 
with retrograde conduction by a concealed left atrial-left ventricular ac- 
cessory pathway producing rates ranging from 200 to 300 beats/min. 
Management and late follow-up study were characterized by generally 
unsuccessful electrophysiologic-pharmacologic testing and inconsistent 
rhythm control with continued drug therapy. Three patients underwent 
successful surgical interruption of the concealed accessory pathway, with 
elimination of recurrent tachycardias. These patients represent a unique 
subgroup with an identifiable electrophysiologic basis for unusually rapid 
tachycardias, potentially benefiting from invasive study and aggressive 
therapy. 


The importance of concealed retrograde accessory pathway conduction 
in the genesis of reentrant paroxysmal supraventricular tachycardia has 
been well documented in patients without overt electrocardiographic 
evidence of ventricular preexcitation.!-95 Regardless of the mechanism, 
the tachycardia rate is a major determinant of clinical features and pa- 
tient disability. Consequently, those patients with an extranodal ret- 
rograde conduction pathway in combination with enhanced anterograde 
atrioventricular (A-V) nodal conduction constitute a unique subgroup 
characterized by unusually rapid and difficult to manage tachycardias. 
This report documents our experience with patients having this par- 
ticular electrophysiologic-anatomic basis for paroxysmal supraven- 
tricular tachycardia. 


Methods 


Patients: During a 4.5 year period ending August 1, 1979, invasive electro- 
physiologic investigation of paroxysmal supraventricular tachycardia was per- 
formed in 134 patients. Seventeen patients had an accessory A-V pathway (Kent 
bundles) with retrograde conduction only. Of these, eight had associated en- 
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hanced A-V conduction characterized by 1:1 A-V nodal con- 
duction at atrial paced rates of 200 or more beats/min, a short 
A-V nodal refractory period and generally a short resting A-H 
interval with only a modest increase during atrial pacing." 
These eight patients have been analyzed with regard to clinical 
course, conduction properties and refractory periods of the 
A-V node and extranodal pathway, induction of tachycardia, 
response to drug intervention and results of therapy. 

Electrophysiologic studies: Studies were performed using 
standard techniques in the absence of cardioactive medica- 
tions. Three to four multiple electrode catheters were posi- 
tioned within the right heart chambers and coronary sinus for 
recording and stimulation. Simultaneous intracardiac elec- 
trograms, filtered 40 to 500 hertz, and multiple surface elec- 
trocardiograms were displayed on an oscilloscope and re- 
corded on photographic paper at 100 to 200 mm/s. Rapid 
pacing and programmed stimulation were performed using 
a Medtronic SP 1349A and 5325 stimulator. 

The following electrophysiologic measurements were 
evaluated: (1) resting conduction intervals and (2) their re- 
sponse to incremental pacing, (3) sinus nodal recovery and 
conduction times, (4) atrial, A-V nodal, His/Purkinje, right 
ventricular and accessory pathway refractory periods, (5) 
mode of induction and mechanism of tachycardia, (6) atrial 
activation sequence during tachycardia, and (7) effect of drug 
intervention. 


Results 


Clinical characteristics (Table I): Of the eight 
patients, six were male and two were female; their mean 
age was 24 years (range of 14 to 44). None had associated 
cardiovascular disease, although all patients had ex- 
perienced multiple episodes of sustained paroxysmal 
supraventricular tachycardia, and three had experi- 
enced repeated syncopal episodes. Six patients had re- 
quired multiple emergency room evaluations or emer- 
gency hospitalizations for treatment of episodic 
tachycardia that had been recurrent for a mean of 10 
years (range 2 to 30). Tachycardia rates ranged from 200 
to 300 beats/min, averaging 240. Five patients specifi- 
cally related the onset of tachycardia to exercise. In 


addition to paroxysmal supraventricular tachycardia, 
spontaneous atrial fibrillation with ventricular response 
exceeding 180 beats/min had been documented in one 
patient. Although two patients had not received anti- 
arrhythmic drug therapy before the electrophysiologic 
study, multiple drug combinations including digitalis 
had failed to prevent recurrent paroxysmal supraven- 
tricular tachycardia in the remaining six patients. 


Electrophysiologic Characteristics (Table Il) 


Only one patient had a P-R interval less than 120 ms 
and was referred with a potential diagnosis of Lown- 
Ganong-Levine syndrome. No patient had surface 
electrocardiographic evidence of ventricular preexci- 
tation (delta wave) before the investigation. 

A-V nodal conduction and refractoriness (Tables 
II and III): In normal sinus rhythm, the mean A-H in- 
terval was 65 + 16 ms, which increased to a maximum 
of 123 + 42 ms during rapid atrial pacing (mean cycle 
length 263 ms). One-to-one A-V conduction through the 
His bundle occurred at a mean rate of 228/min (range 
200 to 280). Precise determination of the A-V nodal 
effective refractory period was not possible in most 
patients, because either the atrial functional refractory 
period exceeded the A-V nodal effective refractory pe- 
riod (five patients) or repeated paroxysmal supraven- 
tricular tachycardia prevented continuation of the ex- 
trastimulus series. All patients had a normal or low 
normal A-V nodal effective refractory period by infer- 
ence at all test cycle lengths. 

One patient had evidence of dual A-V nodal path- 
ways. In this patient, the paroxysmal supraventricular 
tachycardia had two distinct rates (150 and 200 beats/ 
min) associated with two distinct A-H intervals but no 
change in the QRS complex. 

Accessory pathways: Extensive electrode-catheter 
mapping of the coronary sinus, atrial septum and tri- 
cuspid anulus was performed during paroxysmal su- 
praventricular tachycardia, ventricular pacing and 


Rate of Spontaneous 


TABLE | 
Characteristics of Eight Patients With Paroxysmal Supraventricular Tachycardia 
Symptoms 
Lade AE Mbde do So C PER tts * 
Age (yr) Duration 
Case & Sex (yr) Type 
1 44F 30 Palpitations, 
weakness 
2 15M 4 Palpitations 
3 14F 7 Palpitations 
4 32M 2 Syncope, 
palpitations 
5 41M 22 Palpitations 
6 18M 6 Near syncope 
7 14M 5 Hypotension, 
weakness 
8 17M 7 Syncope 


Related to Tachycardia Previous Drug 
Exercise (beats/min) Treatment 
Unknown Unknown Quinidine, 
propranolol 
Unknown Unknown None 
Unknown 225 Digoxin, 
propranolol 
Yes 250 Propranolol, 
quinidine, 
digoxin 
Yes 245 Digoxin, 
propranolol 
Yes 300 None 
Yes 200 Digoxin, 
propranolol 
Yes 220 Procainamide, 
quinidine, 


disopyramide, 


digoxin 
EU omm ra imas. ee |): 0 
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TABLE Il 
Electrophysiologic Characteristics of Eight Patients With Paroxysmal Supraventricular Tachycardia 
Maximal Atrial Rate of Supra- 
Pacing Rate With 1:1 A-H Before Maximal Rate of 1:1 ventricular 
Resting (ms) A-V Wenckebach V-A Tachycardia Induced 
— Conduction Periodicity Conduction at Time of Study 
Case P-R QRS A-H H-V (beats/min) (ms) (beats/min) (beats/min) 
1 140 85 85 45 200 100 Not assessed 200 
2 115 100 40 45 215 65 Not assessed 215 
3 140 95 65 50 230 150 250 200 
4 140 85 80 40 230 200 Not assessed 215 
5 180 100 80 50 220 150 Not assessed 200 
6 130 110 55 45 260 110 250 260 
7 120 90 60 38 200 110 240 200/150* 
8 140 90 55 50 273 100 280 220 





* Patient with dual A-V nodal pathways and two distinct rates of tachycardia. 


A-V = atrioventricular; V-A = ventriculoatrial. 


programmed ventricular stimulation. The presence of 
an accessory pathway was confirmed by identification 
of an abnormal sequence of atrial activation and typical 
responses to programmed electrical stimulation. In each 
case, left atrial activation preceded that of the septal 
right atrium and the right atrium adjacent to the tri- 
cuspid anulus during paroxysmal supraventricular 
tachycardia. In four patients in whom it was assessed, 
1:1 retrograde ventriculoatrial conduction by way of the 
accessory pathway occurred at a mean rate of 255 
beats/min (range 240 to 280) before the onset of 2:1 
retrograde ventriculoatrial block. Retrograde Wenck- 
ebach periods were not seen. The effective refractory 
period of the retrograde accessory pathway was gener- 
ally short, being approximately equal to or less than the 
ventricular effective refractory period in all patients. 
Tachycardia: Paroxysmal supraventricular tachy- 
cardia using the bypass tract for retrograde conduction 
was repeatedly induced and terminated in all patients. 
One or two critically timed atrial stimuli reliably in- 
duced paroxysmal supraventricular tachycardia in all 
patients, whereas programmed ventricular stimulation 
induced paroxysmal supraventricular tachycardia in 
only six of the eight patients. Modes of termination of 


paroxysmal supraventricular tachycardia included 
rapid atrial pacing, rapid ventricular pacing and pro- 
grammed atrial and ventricular stimulation. The mean 
rate of induced paroxysmal supraventricular tachy- 
cardia was 213 beats/min (range of 200 to 260). Tran- 
sient functional bundle branch block patterns occurred 
spontaneously or were induced by programmed ven- 
tricular stimulation in six of the eight patients. One 
patient demonstrated both right and left bundle branch 
block patterns during the initial investigation, whereas 
left bundle branch block alone was observed in two 
patients and right bundle branch block alone in three 
patients. The rate of tachycardia always decreased 
coincident with a functional left bundle branch block 
pattern. There was no change in tachycardia cycle 
length on any occasion with functional right bundle 
branch block. Rapid right atrial pacing and pro- 
grammed stimulation induced atrial fibrillation in three 
patients, one of whom had a ventricular response with 
normal anterograde A-V nodal-His conduction at a 
frequency greater than 190 beats/min. The remaining 
two had ventricular responses between 150 and 180 
beats/min. Rapid atrial pacing and programmed stim- 
ulation induced atrial flutter in six patients, all of whom 





TABLE lil 
Refractory Periods (ms) in Eight Patients With Paroxysmal Supraventricular Tachycardia 
Case CL AERP AVNERP AVNFRP APRERP VERP 
1 650 <310 <310 380 <250 250 
2 400 160 <220 275 Not <295 
assessed 
3 400 <250 <330 355 <235 235 
4 500 <220 <270 345 330 <330 
5 680 <290 <290 350 225* Not 
assessed 
6 1,120 275 «330 « 480 «290 290 
7 840 240 «340 «430 280! Not 
assessed 
8 680 «295 «345 «345 Not Not 
assessed assessed 





* Cycle length 400 ms. 
t Cycle length 600 ms. 


AERP = atrial effective refractory period; APRERP = accessory pathway retrograde effective refractory period; AVNERP = A-V nodal effective 
refractory period; AVNFRP = A-V nodal functional refractory period; CL = cycle length; VERP = ventricular effective refractory period. 
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FIGURE 1. Case 4. One to one atrioventricular conduction at atrial 
pacing (AP) rate of 230/min. Slight fluctuation of the A-H interval occurs 
without block proximal to the His potential. Recordings are from the 
high rate atrium (HRA); His bundle region (HBE); mid coronary sinus 
(MCS); and standard electrocardiographic leads V,, | and aVF (F). A = 
atrial electrogram; H = His bundle potential; S = stimulus artifact. 


had 2:1 to 3:2 A-V block proximal to the recorded His 
bundle potential. 


Treatment 


Electrophysiologic-pharmacologic testing: This 
was performed in six patients in an attempt to identify 
drugs or drug combinations capable of preventing the 
induction of paroxysmal supraventricular tachycardia. 
A catheter remained in place in the coronary sinus for 
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atrial stimulation or in the right ventricle for ventricular 
stimulation for a mean of 1.8 days (range less than 24 
hours to 4 days). Effective acute drug regimens were 
identified in one of the six patients whereas the re- 
maining five patients continued to have inducible rapid 
paroxysmal supraventricular tachycardia despite ad- 
ministration of single drugs and combinations of con- 
ventional antiarrhythmic drugs. 

Follow-up treatment: During the follow-up period 
(mean 9.6 months, range 2 to 21 months), three of the 
eight patients subsequently underwent surgery, with 
successful interruption of the left atrial-left ventricular 
free wall accessory pathway and elimination of parox- 
ysmal supraventricular tachycardia. Of the remaining 
five patients, one continued to have tachycardia despite 
the use of digoxin and quinidine, three had adequate 
control with the use of quinidine or digoxin and quini- 
dine and one patient continued to have tachycardia, 
although it appeared to decrease in severity and fre- 
quency without treatment. 


Representative Case Studies 


Case 4 


A 32 year old white man was referred for evaluation of in- 
creasingly refractory paroxysmal supraventricular tachycardia 
with syncope, which was recurrent during a 2 year period. On 
multiple occasions, electrocardiograms documented a narrow 
QRS complex supraventricular tachycardia with a rate of 250 
beats/min. Infrequently, a second subjectively different ar- 
rhythmia occurred and had been documented as atrial flut- 
ter-fibrillation, with a ventricular response of 180 to 190 
beats/min. Treatment with multiple drugs including digoxin, 
propranolol and quinidine had been unsuccessful. The patient 
had no associated cardiovascular abnormalities, and the 12 
lead electrocardiogram at rest gave normal results. 

On invasive electrophysiologic study, the resting P-A, A-H 
and H-V intervals were normal. One-to-one A-V conduction 
through the His bundle occurred with an A-H interval of 200 
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FIGURE 2. Case 4. Ventricular 
pacing (VP) at a rate of 150/min. 
Retrograde activation of the left 
atrium (A) precedes that of the low 
septal right atrium recorded by the 
His bundle catheter (BE). RVA = 
apex of right ventricle; other ab- 
breviations as in Figure 1. 
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FIGURE 3. Case 4. A single atrial premature stimulus at 350 ms results in a seven beat u 








nsustained episode of paroxysmal supraventricular tachycardia. 


Left atrial (LA) activation precedes right atrial (RA) activation during paroxysmal supraventricular tachycardia. Functional left bundle branch block 
during the initial two beats of the supraventricular tachycardia caused slowing of the tachycardia cycle length to 300 ms, accelerating to 280 ms 
with return to a narrow QRS complex. The tachycardia terminates spontaneously with block in the bypass tract. Abbreviations as in Figure 1. 


ms during atrial pacing at 230 beats/min (Fig. 1). At atrial 
rates of 240 beats/min or greater during induced atrial flutter, 
variable 2:1 and 3:1 block occurred proximal to the His bundle. 
There was no evidence for anterograde accessory pathway 
conduction or ventricular “preexcitation” during pacing or 
programmed stimulation of the right or left atrium. Electrode 
catheter mapping during programmed ventricular stimula- 
tion, ventricular pacing (Fig. 2) and induced paroxysmal su- 
praventricular tachycardia (Fig. 3) confirmed the presence 
of retrograde conduction by a concealed left atrial-left ven- 
tricular free wall accessory pathway. The earliest retrograde 
atrial activation was identified in a *mid coronary sinus" lo- 


cation. Sustained and nonsustained typical supraventricular | 


tachycardia, (rate 215/min) using the left atrial-left ventricular 
free wall accessory pathway for retrograde conduction was 
repeatedly induced and terminated by programmed atrial and 
ventricular stimulation (Fig. 3). Transient functional left 
bundle branch block during tachycardia prolonged the 
tachycardia cycle length (Fig. 3), confirming a left-sided lo- 
cation of the accessory pathway. At a sinus cycle length of 975 
ms, the A-V nodal relative refractory period was 570 ms, de- 
creasing to 470 ms at an atrial paced cycle length of 500 ms. 
'The A-V nodal functional refractory period decreased from 


HRA 


HBE 


Cs & 
FIGURE 4. Case 6. Unsustained ; 
supraventricular tachycardia in- 
duced by two programmed atrial 
stimuli at 300 and 200 ms, respec- VI 
tively. Left atrial (LA) activation 
precedes low septal right atrial (A) 
activation during the tachycardia. 
Spontaneous termination results 
from block proximal to the His 
bundle potential. CS — coronary 
sinus; other abbreviations as in 
Figure 1. 


400 to 345 ms at the same cycle lengths. The A-V nodal ef- 
fective refractory period was less than the atrial functional 
refractory period at all cycle lengths. The retrograde accessory 
pathway effective refractory period was 330 ms during sinus 
rhythm. 

Limited electrophysiologic-pharmacologic testing and 
subsequent empiric therapy with multiple drug combinations 
have failed to identify combinations that satisfactorily control 
recurring supraventricular tachycardia. 


Case 6 


An 18 year old white man was referred for evaluation of 
rapid paroxysmal supraventricular tachycardia, which was 
recurrent during a 6 year period and was associated with near 
syncope and syncope. Paroxysmal supraventricular tachy- 
cardia was typically induced by strenuous exercise in this 
athletically active student. A treadmill exercise test was 
complicated by the development of paroxysmal supraven- 
tricular tachycardia (rate approximately 280/min), and as- 
sociated hypotension which terminated spontaneously. Ex- 
cept for a terminal conduction delay of the “incomplete right 
bundle branch block" variety, the 12 lead electrocardiogram 
at rest gave normal results. 
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FIGURE 5. Case 6. Supraventricular tachycardia (SVT) at a rate of 
260/min, with functional right bundle branch block. Left atrial activation 
recorded from the distal coronary sinus (DCS) precedes activation of 
the low septal right atrium near the A-V node-His bundle. Abbreviations 
as in Figure 1. 


At the time of invasive electrophysiologic study, the resting 
P-A, A-H and H-V intervals were normal. One to one A-V 
conduction through the His bundle occurred with an A-H 


interval of 110 ms at an atrial paced rate of 260/min. One to - 


one retrograde ventriculoatrial conduction by a left atrial-left 
ventricular free wall accessory pathway occurred at a ven- 
tricular paced rate of 250/min. Sustained and nonsustained 
episodes of paroxysmal supraventricular tachycardia (rate 
260/min), using the left atrial-left ventricular accessory 


SVT 260/ min 


SS TRACTS—HOLMES ET AL. 


pathway for retrograde conduction were repeatedly induced 
by programmed atrial and ventricular stimulation (Fig. 4). 
Electrode catheter mapping during paroxysmal supraven- 
tricular tachycardia localized the bypass tract to a “distal 
coronary sinus” location (Fig. 5). Functional left bundle 
branch block could not be induced during paroxysmal su- 
praventricular tachycardia, although functional right bundle 
branch block did not alter the tachycardia cycle length, thus 
suggesting left-sided accessory pathway location (Fig. 6). 

Because subsequent electrophysiologic-pharmacologic 
testing failed to identify a beneficial drug regimen and par- 
oxysmal supraventricular tachycardia continued despite ad- 
ditional trials with digoxin, quinidine and propranolol, the 
patient returned for successful surgical interruption of the 
accessory pathway. A treadmill exercise test performed 3 
months after the procedure failed to induce arrhythmia, and 
no episodes of paroxysmal supraventricular tachycardia have 
recurred during a 5 month follow-up period. 


Discussion 


Identification of the electrophysiologic mechanism 
of paroxysmal supraventricular tachycardia is clinically 
important in patients with recurrent or markedly 
symptomatic tachycardias. One or a combination of 
many potential therapies (conventional medications, 
investigational antiarrhythmic drugs, pacing tech- 
niques, surgery) can be used effectively once the elec- 
trophysiologic basis for the paroxysmal supraventricular 
tachycardia has been defined and characterized. In- 
vasive electrophysiologic studies have shown that as 
many as 70 percent of patients with paroxysmal su- 
praventricular tachycardia have A-V nodal reentry as 
the mechanism of the arrhythmia.95 However, up to 25 
percent of patients with paroxysmal supraventricular 
tachycardia have concealed bypass tracts that serve as 
the retrograde limb of a macroreentry circuit during the 
tachycardia. In this latter situation, the rate of tachy- 
cardia is largely determined by anterograde conduction 
time and functional refractory period of the A-V 
node.? 


SVT 260/min 











FIGURE 6. Case 6. Spontaneous 
loss of functional right bundle 
branch block without change in 
tachycardia cycle length. Note al- 
ternans of right ventricular con- 
duction delay after loss of the 
“complete” right bundle branch 
block pattern. CS — coronary sinus; 
SVT = supraventricular tachycar- 
dia; other abbreviations as in Figure 
1. 


1058 May 1980 The American Journal of CARDIOLOGY Volume 45 





Ideally, an antiarrhythmic drug such as digitalis will 
prolong conduction time and refractoriness of the A-V 
node, resulting in slower tachycardia with decreased 
frequency and increased spontaneous conversion.!? The 
addition of drugs, such as quinidine sulfate, that prolong 
retrograde refractoriness of the accessory pathway also 
may lead to decreased frequency or increased sponta- 
neous termination of tachycardias using the accessory 
pathway for macroreentry.!!! When drug therapy, 
including investigational antiarrhythmic agents singly 
or in combination, fails to control the tachycardia or is 
associated with unacceptable side effects, surgical in- 
terruption of the accessory pathway should be consid- 
ered. This therapy also may be attractive in the very 
young patient who otherwise might have a lifelong 
commitment to drugs that have significant side ef- 
fects. 

Electrophysiologic characteristics of patients 
with refractory supraventricular tachycardias: 
Patients with combined enhanced A-V nodal conduc- 
tion and concealed accessory pathways represent an 
electrophysiologic subgroup characterized by rapid 
tachycardia frequently induced by exercise, a large in- 
cidence of functional aberration during tachycardia, and 
"refractoriness" to conventional drug therapy. The 
electrophysiologic reasons for exercise induction of the 
tachycardia are not clear. Normally, A-V nodal con- 
duction time and refractoriness decrease during exercise 
because of withdrawal of vagal tone and heightened 
sympathetic tone. Generally, retrograde refractoriness 
of accessory pathways decreases as the heart rate ac- 
celerates, as with exercise.1?:? The frequency of exer- 
cise-induced tachycardia seen in our patients may result 
from changing refractory period relations of both A-V 
pathways, increasing the “window” during which su- 
praventricular tachycardia might be induced. The role 
of spontaneous atrial and ventricular extrasystoles in 
inducing paroxysmal supraventricular tachycardia 
during exercise in these patients is unclear. 

Drug treatment of patients with enhanced A-V 
conduction: Finding an optimal treatment regimen 
may be difficult. In this group and in other patients with 
isolated enhanced A-V nodal conduction whom we have 
studied, digitalis has produced little or no slowing of 
anterograde conduction and little or no prolongation of 
the anterograde A-V nodal refractory periods. In some, 
this may be an electrophysiologic indication of partial 
A-V nodal bypass by atrial-His fibers. In some patients, 


the use of antiarrhythmic drugs such as quinidine, 
procainamide and disopyramide has resulted in marked 
anterograde slowing and increased A-V nodal refrac- 
toriness.!41!^ In addition, these drugs also usually result 
in increased retrograde refractoriness of the concealed 
accessory pathway, although on occasion the rate at 
which retrograde 1:1 ventriculoatrial conduction occurs 
may be reduced only modestly. An effective or at least 
partially effective drug combination for this group of 
patients has been propranolol and quinidine sulfate, 
with or without the use of digitalis.! 

Electrical and surgical modes of treatment: In 
selected patients, other forms of treatment may be used, 
with an awareness of the advantages and disadvantages 
of each therapeutic modality. The use of patient-acti- 
vated rapid atrial stimulation might be limited because 
of the large incidence of near syncope and syncope oc- 
curring with this form of paroxysmal supraventricular 
tachycardia. The decision to use such a device must be 
individualized and based on a thorough electrophysio- 
logic assessment, including repeated induction and 
termination of tachycardia. In some patients, surgical 
interruption of the concealed accessory pathway is a 
reasonable alternative. In three patients in whom this 
was done, it dramatically improved the clinical situation 
and stopped the paroxysmal supraventricular tachy- 
cardia. Because the surgical approach fails to influence 
enhanced A-V nodal conduction, rapid ventricular re- 
sponses may still result and be difficult to treat if atrial 
fibrillation occurs. 

Implications: Although age and associated cere- 
brovascular, cardiovascular and pulmonary diseases 
may influence the symptoms experienced during par- 
oxysmal supraventricular tachycardia, a major deter- 
minant of patient disability is the rate of tachycardia. 
Consequently, the clinical spectrum of paroxysmal su- 
praventricular tachycardia may range from a vague 
awareness of accelerated heart action with relatively 
slow paroxysmal supraventricular tachycardia to angina 
pectoris, cardiovascular collapse and syncope caused by 
very rapid heart rates. In patients with medically re- 
fractory rapid tachycardias, the identification of a 
concealed accessory pathway combined with enhanced 
A-V nodal conduction is important because of prog- 
nostic and therapeutic implications. Newer antiar- 
rhythmic medications, specialized pacing techniques 
and surgery may have a more important role in the 
treatment of these patients. 
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~CORGARD® TABLETS 
_Nadolol Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic 
receptor blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater 
than first degree conduction block, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 
WARNINGS: Cardiac Failure— Sympathetic stimulation may be a vital 
component supporting circulatory function in congestive heart failure, and its 
inhibition by beta-blockade may precipitate more severe failure. Although 
_ beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, 
continued use of beta-blockers can, in some cases, lead to cardiac failure; 
- therefore, at first sign or symptom of heart failure, digitalize and/or give 
diuretics, and closely observe response, or discontinue nadolol (gradually if 
possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
.| Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, 

| myocardial infarction have occurred after abrupt discontinuation of such 

| therapy. When discontinuing chronic use of nadolol, particularly in patients 
with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 

| period and carefully monitor the patient. Reinstitute nadolol promptly (at 

_| least temporarily) and take other measures appropriate for management of 

-| unstable angina if angina markedly worsens or acute coronary insufficiency 
| develops. Warn patients not to interrupt or discontinue therapy without 

| physician's advice. Because coronary artery disease is common and may be 

unrecognized, it may be prudent not to discontinue nadolol therapy 

| abruptly even in patients treated only for hypertension. 


















Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA-BLOCKERS. Administer nadolol with caution since it 
may block bronchodilation produced by endogenous or exogenous 
catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to 
respond to reflex stimuli and may increase risks of general anesthesia and 
surgical procedures, resulting in protracted hypotension or low cardiac out- 
put, it has generally been suggested that such therapy should be withdrawn 
several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterenol, dopamine, dobutamine, or levartere- 
nol can reverse the effects of nadolol. Difficulty in restarting and maintaining 
the heart beat has also been reported with beta-adrenergic receptor blocking 
agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the 
appearance of premonitory signs and symptoms (e.g., tachycardia and blood 
pressure changes) of acute hypoglycemia. This is especially important with 
labile diabetics. Beta-blockade also reduces release of insulin in response to 
Diperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 

rugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs 
(e.g., tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta- 
adrenergic blockade which might precipitate a thyroid storm, carefully 
manage patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with 
caution in presence of either of these conditions (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients — Warn patients, especially those with evidence 
of coronary artery insufficiency, against interruption or discontinuation of 
nadolol without physician's advice. Although cardiac failure rarely occurs in 

roperly selected patients, advise patients being treated with beta-adrenergic 
blocking agents to consult physician at first sign or symptom of impending 
ailure. 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may 
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have an additive effect when given with beta-blocking agents. When treating 

patients with nadolol plus a catecholamine-depleting agent, carefully observe 

tor evidence of hypotension and/or excessive bradycardia which may produce 
vertigo, syncope, or postural hypotension. A 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant 
toxic effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did 
not produce neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at 
doses 5 to 10 times greater (on a mg/kg basis) than maximum indicated human 
dose; no teratogenic potential was seen in any of these species. There are no 
well-controlled studies in pregnant women; therefore, use nadolol in pregnant 
women only if potential benefit justifies potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk, exercise caution when 
nadolol is administered to a nursing woman. Animal studies showed that 
nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient 
and have rarely required nadolol withdrawal. x 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per 
minute occurs commonly, and heart rates below 40 beats per minute and/or 
symptomatic bradycardia were seen in about 2 of 100 patients. Symptoms of 
peripheral vascular insufficiency, usually of the Raynaud type, have occurred ) 
in approximately 2 of 100 patients. Cardiac failure, hypotension, and 4 
rhythm/ conduction disturbances have each occurred in about 1 of 100 pa- 
tients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see 
also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). 
Central Nervous System — Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in 
approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients 
(see CONTRAINDICATIONS and WARNINGS). Gastrointestinal — 
Nausea, diarrhea, abdominal discomfort, constipation, vomiting, indigestion, 
anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 patients. 
Miscellaneous — Each of the following reported in 1 to 5 of 1000 patients: 
rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased 
libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not 
clear, sleep disturbances have been reported. The oculomucocutaneous syn- 
drome associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with 
other beta-adrenergic blocking agents have not been reported with nadolol, 
they should be considered potential adverse effects of nadolol. Central Ner- 
vous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by 
disorientation for time and place; short-term memory loss, emotional lability 
with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic - 
colitis. Hematologic — agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic — fever combined with aching and sore 
throat; laryngospasm; respiratory distress. Miscellaneous — reversible 
alopecia; Peyronie's disease; erythematous rash. 


OVERDOSAGE: Nadolol can be removed from the general circulation by 
hemodialysis. In addition to gastric lavage, employ the following measures as 
appropriate. In determining duration of corrective therapy, take note of long 
duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is 
no response to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been 
reported that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. 
(There is evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta, -stimulating agent and/or a 
theophylline derivative. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol per 
tablet in bottles of 100 and 1000. 


Reference: 1. Data on file, Squibb Institute for Medical Research. 


CARDIOPROTECTIVE THERAPY FOR ANGINA PECTORIS 





CORGARD 


nadolol tablets 


(01980 E.R. Squibb & Sons, Inc. 


510-505 





ERO S S | oor One of as many as 60* blood pressure readings taken 
m M | throughout the day by an ambulatory patient. 


Diastolic: 


93mm Hg ON 


130mm Hg 


agent ^ calibration 


omitted for 


we = © : reference point 
A $ Systolic: e 
K Eo 


. Remler 

. Ambulatory 
> blood Pressure 
Recorder... 


Light, compact one-piece unit 
weighs only 25 ounces 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system and the only available blood pressure device 
that completely prints out calibrated blood pressure measure- 
ments showing all Korotkoff sounds. 

This Model M-2000 records blood pressures during the wear- 
er's working or leisure day. Wearing this unobtrusive, light-weight 
device on a belt, your patient can easily record blood pressure 
data onto the micro-cassette as many as sixty times daily. This 
method totally eliminates bias, and the pressor effect of an ob- 
server's presence. 

A further advantage of the Remler system is the substantial 
savings in cost over manual methods for obtaining a multiple 
series of blood pressure measurements. 
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Before prescribing Norpace (disopyramide phosphate), please consult current complete pre- 
scribing information, a summary of which follows: Indications: For suppression and preven- 
tion of recurrence of the following cardiac arrhythmias when they occur singly or in combina- 
tion: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
contractions of multifocal origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated 
with D.C. cardioversion). Norpace is equally effective in both digitalized and nondigitalized 
patients. It is also equally effective in treating primary cardiac arrhythmias and those which 
occur in association with organic heart disease including coronary artery disease. Oral Nor- 
pace has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in 
patients with serious ventricular ectopic activity has not been established. Contraindica- 
tions: Cardiogenic shock, preexisting second- or third-degree AV block (if no pacemaker is 
present), or known hypersensitivity to the drug. Warnings: Norpace may cause or wors- 
en congestive heart failure (CHF) or produce severe hypotension as a conse- 

uence of its negative api ecu gpa Hypotension has been observed primar- 
iy with primary cardiomyopathy or inadequately compensated CHF Norpace 

ould not be used in patients with uncompensated or marginally compensated 

CHF or hypotension unless the condition is secondary to cardiac arrhythmia. Pa- 
tients with a history of heart failure may be treated with Norpace, but careful at- 
tention must be given to maintaining cardiac function, including optimal digitaliza- 
tion. If hypotension occurs or CHF worsens, Norpace should be discontinued and, if 
necessary, restarted at a lower dosage only after adequate cardiac compensation 
has been established. Norpace should be discontinued if significant widening 
(greater than 25%) of the QRS complex occurs. Prolongation of the Q-T interval 

corrected) and worsening of the arrhythmia may occur. Patients who have evi- 
denced prolongation of the Q-T interval in response to quinidine may be at particu- 
lar risk. If Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patient should be monitored closely, and discontinuation of Norpace consid- 


*Indicated for premature ventricular contractions (PVCs)... unifocal, multifocal, 
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ered. In rare instances significant hypoglycemia has been reported during Norpace 
therapy. The concomitant use of Norpace with other Type 1 em agents 
should be reserved for patients with life-threatening arrhythmias who are demon- 
strably unresponsive to single agent antiarrhythmic therapy. Such use may pro- 
duce serious negative inotropic effects, or may excessively prolong conduction. 
Patients receiving more than one antiarrhythmic drug must be carefully monitored. 
If first-degree heart block develops, the dosage of Norpace should be reduced. If 
the block persists, continuation of Norpace must depend upon an assessment of 
benefit versus risk. Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless the ventricular rate 
is adequately controlled by a pacemaker. Because of its anticholinergic activity, 
Norpace should not be used in patients with glaucoma, myasthenia gravis or uri- 
nary retention, unless adequate overriding measures are taken. Precautions: Pa- 
tients with atrial flutter or fibrillation should be digitalized prior to Norpace administration to 
ensure that drug-induced enhancement of AV conduction does not allow a ventricular rate 
beyond physiologically acceptable limits. The effect of Norpace is presently uncertain in pa- 
tients with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. 
Patients with myocarditis or other cardiomyopathy may develop significant hypotension in 
response to the usual dosage of Norpace. Norpace dosage should be reduced in patients 
with impaired renal or hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting Norpace therapy Safe 
use in pregnancy has not been established. Disopyramide has been found in human fetal 
blood. Norpace has been reported to stimulate contractions of the pregnant uterus. 
Use of Norpace in pregnant women requires that the potential benefit be weighed against 
possible hazards to the fetus. Following oral administration, disopyramide has been found in 
human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
essential, an alternate method of infant feeding should be instituted. Effects of Norpace on 
the fetus during delivery or on the course of labor and delivery are unknown. Safety and ef- 
fectiveness of Norpace in children have not been established. Adverse Reactions: Dry 
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more compa 


tible than quinidine 


in the digitalized patient 


A high percentage of digitalized patients are also 
receiving a Type 1 antiarrhythmic. In the case of quini- 
dine, concurrent administration of digoxin can result 
in an elevated serum digoxin level. Some studies have 
indicated that quinidine molecules appear to displace 
digoxin from binding sites in skeletal muscle and other 
tissues? Other researchers have observed that 
quinidine may reduce the renal clearance of digoxin, 
thereby prolonging serum digoxin levels.^ In any case, 
an elevated serum digoxin level may lead to digitalis 
intoxication ^ 


e Demonstrated efficacy 


e More favorable side effects 
profile than quinidine 


mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes Ithroat, urinary retention, 
urinary frequency and urgency, impotence, nausea, pain /bloating/gas, anorexia, diarrhea, 
vomiting, nervousness, dizziness, general fatigue/muscle weakness, headache, malaise, 
aches/pains, hypotension, congestive heart failure, cardiac conduction disturbances, 
edema/weight gain, shortness of breath, syncope, chest pain, generalized rash /dermatoses, 
^ itching, hypokalemia, elevated cholesterol/triglycerides, depression, insomnia, dysuria, 
numbness /tingling, elevated liver enzymes, AV block, elevated BUN, elevated creatinine, de- 
creased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, cholestatic jaundice, 
and agranulocytosis, all three reversible, have been reported. Dosage and Administration: 
Dosage must be individualized on the basis of response and tolerance. The usual adult dos- 
age is 400 to 800 mg per day given in divided doses four times daily The recommended 
dosage schedule for most adults is 150 mg every six hours For patients less than 110 pounds 
(50 kg) the recommended dosage is 100 mg every six hours. If rapid control of arrhythmia is 
essential, an initial loading dose of 300 mg of Norpace (200 mg for patients less than 110 
pounds) is recommended. For patients with cardiomyopathy or possible cardiac decompensa- 
tion, a loading dose should not be given and the initial dose limited to 100 mg every six 
hours, with subsequent dosage adjustments made gradually with close monitoring. See cur- 
rent complete prescribing information for dosage recommendations. How Supplied: 
Capsules containing 100 mg or 150 mg of disopyramide base 





Norpace (disopyramide phosphate) does not appear to 
elevate serum digoxin levels when digoxin is combined 
with disopyramide in therapeutically effective doses.*° 
Thus, for your patient receiving combined digoxin and 
Type 1 antiarrhythmic therapy with Norpace, the risk 
of digitalis intoxication is reduced, and patient monitor- 
ing and digoxin dosage adjustment are facilitated 
Norpace...the Type 1 antiarrhythmic attuned to the 
demands of both you and your patients. Consider these 
other benefits of Norpace: 


e Lower dropout rate 
than with quinidine 


e High level of compliance 


References: 1. Hager, WD., and others: Digoxin-Quinidine Interaction: Pharmacokinetic 
Evaluation, N. Engl. J. Med. 300:1238-1241, 1979. 2. Leahey, E.B., and others: Enhanced Car- 
diac Effect of Digoxin During Quinidine Treatment, Arch. Intern. Med. 139:519-521, 1979 

3. Reifel J.A., and others: A Previously Unrecognized Drug Interaction Between Quinidine 
and Digoxin, Clin. Cardiol. 2:40-42, 1979. 4. Doering, W.: Quinidine-Digaxin Interaction. 
Pharmacokinetics, Underlying Mechanism and Clinical Implications, N. Engl. J. Mec 
301:400-404, 1979. 5. Leahey, E.B., Jr, and others: Serum Digoxin Concentrations During 
Administration of Oral Antiarrhythmic Drugs, abstracted, Clin. Res. 26:602, 1978. 
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Pharmacokinetics > Anxiety neuroses 
Ativan (lorazepam) is eliminated more rapidly In many nationwide studies involving 
than other benzodiazepines; generates no thousands of patients with anxiety neuroses, 
clinically active metabolites. The half-life of Ativan (lorazepam) consistently provided 
free lorazepam is about 12 hours; steady-state significant relief of anxiety, tension, agitation 
blood levels are attained in 2-3 days. and irritability as measured by standard 
(Comparable data for diazepam: 20-50 hours Hamilton, Global (physician rated) 
and at least 7-10 days.) Ativan shows no and 35-Item (patient self-rated) scales. 
evidence of accumulation, even when given in 

_ high doses for as long as 6 months. 
(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 


Copyright © 1979, Wyeth Laboratories Div. of AH PC, N.Y., NLY. All rights reserved. 
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They’ re all about the same, aren't they? L Until recently, that NS um to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relativel y short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence i in the clinical record 
of Ativan, which confirms its value i in anxiety neuroses and in significant anxiety 


associated with functional or organic disorders, as well as in n older patients. 


Consider the record of Ativan: 


Anxiety in 

cardiovascular disorders 

Ativan (lorazepam) has been specifically 
evaluated and found effective in seven 
common protocol, double-blind studies 
involving 423 patients (211 on Ativan) 
whose anxiety was related to organic 
and functional cardiovascular disorders. 
The cardiovascular component 

has not, of course, been shown to be 
significantly benefited by such therapy. 





Anxiety in Anxiety in 

gastrointestinal disorders the aging patient 

So far, nine common protocol, double-blind Because its simple metabolism is not readily 
studies of Ativan have focused on anxious impaired with advancing age, and 

patients with functional or organic accumulation is not likely to present a 
gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
of course, been shown to be significantly within seconds in water or fruit juice. 


benefited by such therapy. 
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as Viel 
tiveness in long-term use. ie., more than 4 months, has not been assessed by system- 
nical studies. Reassess periodically usefulness of the drug for the individual patient. 


ions: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


actir J drugs. warn patients on lorazepam not to operate machinery or motor vehicles, and of 
! ninishe əd tolerance for alcohol and other CNS depressants. 

| e cal and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
ate and alcohol have occurred following abrupt discontinuance of benzodiazepines 
C ling c convulsions. tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
i or | benzodiazepines because of their predisposition to habituation and dependence. 
awal symptoms have also been reported following abrupt discontinuance ot benzodi- 
es taken continuously at therapeutic levels for several months. 


ons: in depression accompanying anxiety. consider possibility for suicide. 
ir elderly or debilitated patients. initial daily dosage should not exceed 2mg to avoid over- 


Miate: PAA gradually since abrupt withdrawal of any antianxiety agent may result in 
ms like those being treated: anxiety. agitation, irritability, tension, insomnia and occa- 


serve usual precautions with impaired renal or tiépatie function. 
e gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has. jot been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 


hagel dilation occurred in rats treated with lorazepam for more than 1 year at 
kg day No effect dose was 1 25mg /kg/day (approximately 6 times the maximum human 
ipeutic dose of 10mg/ day) Effect was reversible only when treatment was withdrawn within 
inths of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
ed periods and in geriatric patients requires caution and frequent monitoring for symptoms 


fety and effectiveness in children under 12 years have not been established. 
INTIAL LABORATORY TESTS. Some patients have developed leukopenia; some have had 


'ecommended during long-term therapy. 


JN ICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
acts when administered with such medications as barbiturates or alcohol. 


CINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
ring an 18-month study. No studies regarding mutagenesis have been performed. 


EGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
asional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs. gastroschisis, 


Josage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
fence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
sés Clinical significance of these findings is not known. However, increased risk of congeni- 
m malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Ede use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
“should almost always be avoided. Possibility that a woman of child-bearing potential may be 
“pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug 
Erin humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 
T ; pe glucuronide. 
RSING MOTHERS It is not known if oral lorazepam is excreted in human milk like other 
enzodiazepines As a general rule, nursing should not be undertaken while on a drug since 
ny drugs are excreted in milk. 


Reactions, if they occur, are usually observed at beginning of therapy and generally 
ar on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
ts. most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
ness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
4 change in appetite, headache. sleep disturbance, agitation, dermatological symptoms, eye 
1 inction disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
, dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 
psage: In management of overdosage with any drug, bear in mind that multiple agents 
mar live been taken. Manifestations of overdosage include somnolence, confusion and coma. 

e vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing g of vital signs and close observation Hypotension, though unlikely, usually may be controlled 
Ih LeVarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been determined. 
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age: Individualize for maximum beneficial effects. Increase dose 
idually when needed, giving higher evening dose before increasing 
E ytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 

p vary from 1 to 10mg/day in divided doses. For elderly or debili- 
, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
bel stress, 2-4mg h.s. 


ow Supplied: 0.5, 1.0 and 2.0mg tablets. 
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s and Usage: Symptomatic relief of anxiety, ‘tension. Sogliano, ee and n 
associated with anxiety neuroses and transient situational disturbances; ankety S 


j: s: Not recommended in primary depressive disorders or psychoses. As with all CNS- — 
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pat tient needs round-the-clock, 


year-after-year protection 
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CONTRAINDICATIONS: d 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms 

should not be treated with quinidine. 
Partial A-V or complete heart block, or 
intraventricular conduction defects, 

especially those exhibiting a marked 


grade of QRS widening. 


Renal disease resulting in significant 


azotemia, or those developing cardio- 


toxic effects such as conduction defects. 
ventricular premature beats, ventricular 


-tachycardia or flutter while on the drug. 


Marked cardiac enlargement. particu- 
larly with congestive failure. poor renal 


function, and especially renal tubular 


acidosis. 
Idiosyncrasy or hypersensitivity to 


quinidine. 


WARNINGS: 
In the treatment of atrial flutter, rever- 
bya > sinus rhythm may be preceded 
rogressive reduction in the degree 
nae V d ock to a 1:1 ratio resulting in an 

bxfemelv rapid ventricular rate. 
PRECAUTIONS: 
The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 
Quinidine in large doses may reduce the 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously, 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 
Symptoms of cinchonism, ring ping in 
ears, headache, nausea, distu 
vision may rat an in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 


abdominal pain, diarrhea. 


Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 


. penic purpura, agranulocytosis. 


Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
M adigi Reactions: Angio- 
ema, acute asthmatic episode, vascu- 
lar collapse, respiratory arrest. 
See package insert for full information. 
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9224 mg 


(quinidine gluconate) 


when the arrhythmic patient 
requires long-term 
maintenance therapy 








KLYTE 


potassium as bicarbonate and citrate 
Orange and Lime Flavors 


for A choice tharé 
IN THE best of TASTE 


Prescribing Considerations 
Indications: K-LYTE DS and K-LYTE are oral potassium supplements for therapy or prophylaxis of potassium deficiency. They are par- 
ticularly useful when thiazide diuretics, corticosteroids. or severe vomiting and diarrhea cause excessive excretory potassium losses: 
and when dietary potassium is low. Carefully monitored, K-LYTE DS and K-LYTE may also be useful for potassium replacement where 
! digitalis intoxication results in cardiac arrhythmias. 
Each effervescent tablet in solution supplies 25 mEq Contraindications: Impaired renal function with oliguria or azotemia: Addison's disease: hyperkalemia from any cause 


Warnings and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication rarely 
occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include listlessness, mental 


confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, and serum potassium level are 
The best of laste for over a decade desirable. In established hypokalemia, attention should also be directed toward other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized patients and such patients should be monitored by ECG for cardiac irregulari- 
® ties. To minimize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
a rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. 
Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 
Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potassium) completely dissolved in 6 to 8 ounces of cold or ice 
: : water, to 2 times daily; 1 K-LYTE tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 2 to 4 times 
Each effervescent tablet in solution supplies 50 mEq daily. NOTE: It is suggested that K-LYTE DS and K-LYTE be ta 


potassium as bicarbonate and citrate 
Orange and Lime Flavors 
Convenient once-a-day dosage 


How Supplied: K-LYTE DS effervescent tablets (orange or lime 
flavors) are available in cartons of 30 and 100. K-LYTE efferves- 


cent tablets (orange or lime flavors) are available in cartons of M (i ison 
30 and 250. All tablets are individually foil wrapped. CAO ITSO exaamaceuricat oivisioN 
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ken with meals and sipped slowly over a 5 to 10 minute period. 
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Clinical Uses of Two Dimensional Echocardiography 
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Address for reprints: Morris N. Kotler, MD, Likoff 
Cardiovascular Institute, Hahnemann Medical 
College and Hospital, 230 N. Broad Street, Phila- 
delphia, Pennsylvania 19102. 


The added advantages of two dimensional over M mode echocardiography 
in the diagnosis of cardiac disorders occurring in adults are reviewed. In 
patients with coronary artery disease, left ventricular aneurysm, wall 
motion abnormalities and ventricular dysfunction can be reliably evaluated 
with two dimensional echocardiography. Preliminary studies have dem- 
onstrated that two dimensional echocardiography is useful for assessing 
regional cardiac dilatation and prognosis after acute myocardial infarction, 
detecting left main coronary stenosis and predicting operability in patients 
with ventricular aneurysm. Determination of mitral valve area by two di- 
mensional echocardiography in patients with mitral stenosis has shown 
good correlation with measurements of mitral valve area and size per- 
formed at the time of operation or calculated from cardiac catheterization 
data. The cause of mitral regurgitation can be more reliably elucidated 
by the differentiation of valvular and myocardial pathologic conditions. 
In addition, precise anatomic cardiac detail can be obtained in the lo- 
calization of left and right ventricular and aortic outflow obstruction. Tri- 
cuspid valve disorders are particularly apparent because all three leaflets 
of the tricuspid valve can be visualized in real time studies and the de- 
tection of tricuspid regurgitation can be readily accomplished. Two di- 
mensional echocardiography appears to be more reliable than M mode 
echocardiography in the detection of complications occurring as a result. 
of bacterial endocarditis. Bioprosthetic valve function and localization 
and site of pericardial effusions as well as aortic aneurysms can be de- 
termined with two dimensional echocardiography. Two dimensional 
echocardiography can provide an accurate appreciation of the size, shape, 
mobility and origin of an intracardiac mass. With the use of contrast 
echocardiography, right to left shunting or the negative contrast effect 
can be demonstrated in patients with an atrial septal defect. Thus, the 
precision, accuracy and sensitivity of two dimensional echocardiography 
affords the clinician a valuable noninvasive instrument in the detection 
of cardiac disease. 


Using M mode echocardiographic techniques, Edler and Hertz! in 1954 
first recorded the motion of the mitral valve and posterior ventricular 
wall. The clinical application of M mode echocardiography has been 
expanded over the past 25 years, and the technique is now regarded as 
an essential diagnostic tool in the evaluation of patients with a variety 
of cardiac disorders. 

The advantages of M mode echocardiography include the ability to 
provide accurate, reliable and reproducible information at no known risk 
to the patient and at a relatively low cost. A skilled technician can per- 
form an M mode echocardiographic study in a critically ill patient at any 
location in the hospital in a relatively short period of time. Of all the 
noninvasive techniques available, M mode echocardiography is the most 
useful in obtaining quantitative measurements of chamber size and wall 
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thickness and it is extremely valuable in assessing left 
ventricular function in patients without regional myo- 
cardial dysfunction. It is particularly sensitive in the 
diagnosis of pericardial effusion, mitral stenosis, mitral 
valve prolapse and idiopathic hypertrophic subaortic 
stenosis. Its major disadvantage is that it provides a 
limited “ice-pick,” one dimensional view of the heart. 
The entire left ventricular cavity, apex of the left ven- 
tricle, right atrium and all leaflets of the tricuspid valve 
cannot be readily evaluated with M mode techniques. 
In addition, intracardiac structures are displayed in an 
unfamiliar format that bears little resemblance to car- 
diac anatomy. Spatial orientation of intracardiac 
structures cannot be readily appreciated with M mode 
echocardiography; for example, motion of the entire left 
ventricle cannot be visualized. 

By providing spatial orientation, two dimensional 
echocardiography allows lateral as well as axial dis- 
tances between structures to be appreciated. The im- 
ages obtained with the various two dimensional systems 
resemble heart structures. The newer real time two di- 
mensional imaging devices are capable of extraordi- 
narily rapid image formation times, offering the viewer 
a remarkable appreciation of the heart in motion. With 
the sophisticated phased array systems an 80? sector 
scan of the heart can be obtained. This allows complete 
visualization of the entire left ventricular cavity, cardiac 
apex, right ventricle, right and left atrium, the inter- 








atrial septum, and tricuspid and pulmonary valves and 
great vessels. Several techniques have been used to 
create real time two dimensional echocardiograms. The 
principle used by all the systems consists of scanning 
an ultrasonic beam through the heart using the highest 
pulse repetition rate possible. The resulting images are 
displayed in the B mode form. 


Equipment 


There are three basic devices that are capable of recording 
two dimensional images. The multielement transducer con- 
tains 20 small ultrasonic elements that can be fired rapidly and 
sequentially.? The mechanical-arc sector scanner uses a single 
transducer that is swept mechanically through a predeter- 
mined arc.? The transducer is oscillated or rotated by a small 
motor and scans the ultrasonic beam in a sector of a circle. 
Apart from the fact that the transducer is scanned mechani- 
cally instead of manually, the performance of this system is 
similar to that of normal M mode equipment. This system is 
relatively inexpensive and provides good quality images. Some 
of the disadvantages include a narrow angle and a vibrating 
sensation that may be irritating to the patient. Wide angle 
(80? to 90?) mechanical sector scanners are now available that 
utilize multiple rotating crystals. The most advanced device 
for obtaining cross-sectional images of the heart utilizes the 
phased array principle.4 Phased array units use the principle 
of electronic beam steering. An 80° sector scan of the heart is 
obtained at a scan rate of 30 frames/s. Images are represented 
in real time and the sector images are recorded on a 1 inch 
(2.54 cm) video tape at a rate of 30 frames or 60 fields/s. Single 


FIGURE 1. A, drawing of the heart dem- 
onstrating three ultrasonic planes. Line B 
represents the plane of the long axis of the 
left ventricle and is parallel to a line joining 
the patient's right shoulder to the left flank. 
Lines C and D represent short-axis planes 
of the heart at the level of the mitral valve 
(MV) and papillary muscles (LPM and MPM), 
respectively, and are at right angles to the 
long-axis plane. B, long-axis view of left 
ventricle. The aorta (Ao) is to the right and 
the apex of the left ventricle (LV) is to the 
left of image. The right ventricle (RV) is 
anterior and the left atrium (LA) is posterior. 
The anterior and posterior mitral leaflets of 
the mitral valve (MV), interventricular 
septum (IVS), left ventricular posterior wall 
(LPW) and descending aorta (Desc. Ao.) are 
seen. C, cross-sectional view of the left 
ventricle at the level of the mitral valve. 
The right ventricle (RV) is anterior and to 
the left of the left ventricle (LV). The left 
ventricle appears as a circular structure. 
The mitral valve orifice (MVO) has a 
"fish-mouth" appearance during diastole. 
D, cross-sectional view of the left ventricle 
at the level of the papillary muscles. The 
anterolateral papillary muscle (LPM) and 
the posteromedial (MPM) papillary muscles 
project into the left ventricular cavity at 
approximately the 4 o'clock and 8 o'clock 
positions. A — anterior; P — posterior; PA 
= pulmonary artery; R = right; RA = right 
atrium. 
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frame photographs of the video monitor are made with a Po- 
laroid? camera. The static images are degraded optically be- 
cause stop action pictures show only a single field of a com- 
plete two field video frame. In addition, there is loss of visual 
integration of motion that normally occurs as one views the 
dynamic recordings. 


Recording Techniques 


Two dimensional echocardiographic examinations are 
performed with patients in the supine or left lateral position. 
A standard echocardiographic examination is performed in 
several cross-sectional planes through the heart. A complete 
two dimensional echocardiographic examination includes the 
long-axis and the short-axis views, which are obtained with 
the transducer in the parasternal position.99 Other views in- 
clude the apical four chamber view and apical two chamber 
view or right anterior oblique equivalent obtained with the 
transducer at the apex of the left ventricle." The suprasternal 
notch and subcostal positions have been used to visualize 
specific intracardic structures that are not readily seen from 
the parasternal or apical positions. 

Long-axis view of the left ventricle: The transducer is 
positioned in the third or fourth interspace and the ultrasonic 
beam is parallel to a line joining the right shoulder to the left 
flank (Fig. 1A). The image thus obtained represents a section 
through the long axis of the left ventricle. The image is ori- 
ented so that the aorta is displayed on the right, the cardiac 
apex to the left, the chest wall and right ventricle anteriorly 
and the left ventricular posterior wall and left atrial wall 
posteriorly (Fig. 1B). 


FIGURE 2. A, drawing of the heart dem- 
onstrating the apical or four chamber view 
(position B) and the apical two chamber 
right anterior oblique view of the left ven- 
tricle (position C). The transducer is placed 
at the apex of the heart and angulated 
toward the base of the heart. B, apical or 
four chamber view of the heart. The inter- 
ventricular septum (IVS) separates the right 
and left ventricles (RV and LV). The inter- 
atrial septum (IAS) separates the right and 
left atria (RA and LA). The attachments of 
the tricuspid valve (TV) (inferiorly situated) 
and mitral valve (MV) are seen. The pul- 
monary veins (PV) may be seen entering 
the left atrium. The apex of both ventricles 
is situated anteriorly, and the base of the 
heart posteriorly. C, apical two chamber or 
right anterior oblique view of the left ven- 
tricle. The beam is parallel to the plane of 
the ventricular septum. The left ventricle 
and apex are anterior and to the right and 
the aorta (Ao) is posterior and to the left. 
The inferior wall (IW) of the left ventricle is 
best seen in this view. | = inferior; L = left; 
PA = pulmonary artery; R = right; RA = 
right atrium; S = superior. 
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Short axis views: With the transducer placed in the 
parasternal position in the third or fourth left intercostal 
space, the short axis view of the heart is obtained by rotating 
the transducer so that the plane of the ultrasonic beam is 
perpendicular to the plane of the long axis of the left ventricle 
(Fig. 1A). With the transducer placed cephalad, the great ar- 
teries are sectioned transversely. The aorta appears as a circle 
with a trileaflet aortic valve that has the appearance of the 
letter Y during diastole. The right ventricular outflow tract 
crosses anterior to the aorta and has a sausage-like appear- 
ance. The pulmonary valve is visualized anterior and to the 
right of the aorta. This view is particularly useful in studying 
patients with congenital heart disorders. With inferior tilting 
of the transducer, the ultrasonic beam transects the body of 
the left ventricle at the level of the mitral leaflets (Fig. 1, A and 
C). During diastole the anterior and posterior mitral leaflets 
are widely separated creating the “fish mouth" appearance 
(Fig. 1C). During systole, the leaflets are in a closed position 
and appear as a single line. 

As the ultrasonic beam is tilted inferiorly, a cross section 
at the level of the papillary muscles is obtained (Fig. 1A). The 
left ventricular myocardium is represented as a circular 
structure (Fig. 1D). The wall thickness and motion during 
phases of the cardiac cycle can be appreciated. The antero- 
lateral and posteromedial papillary muscles project into the 
left ventricular cavity and are visualized at approximately the 
4 o'clock and 8 o'clock positions, respectively (Fig. 1D). With 
further tilting of the ultrasonic beam the cross section at the 
ventricular apex is obtained. The ventricular cavity is small 
in size and is surrounded by the thickened circular myocar- 
dium. 


Apex 
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Long axis view of right ventricular inflow: The motion 
of the anterior and posterior leaflets of the tricuspid valve can 
be better appreciated by using a modified long axis view.® The 
transducer is placed in the third or fourth intercostal space 
and rotated slightly clockwise and tilted inferomedially. A long 
axis view of the right ventricular inflow tract is obtained. 

Apical four chamber view: To record the apical image the 
patient is placed in the left lateral decubitus position. The 
apical impulse is localized and the transducer is placed at, or 
in the immediate vicinity of, the point of maximal impulse. 
Once the apex is located, the tomographic plane is directed 
toward the base. The beam plane is perpendicular to the 
ventricular and atrial septa and passes through the plane of 
the mitral and tricuspid valve orifices.’ All four chambers of 
the heart, the ventricular and atrial septa and the crux of the 
heart are displayed (Fig. 2, A and B). The image orientation 
is such that the apex is on the top and the atria are on the 
bottom. 

Apical two chamber view or right anterior oblique 
view of left ventricle: The transducer is placed at the point 
of maximal impulse and rotated so that the beam is directed 
in a plane nearly parallel to the ventricular septum.® In this 
view, the apex of the left ventricle is displayed at the top right 
of the image, the aorta is at the bottom left and the left atrium 
is situated posteriorly (Fig. 2, A and C). The anterolateral and 
inferior walls of the left ventricle, as well as the cardiac apex, 
are visualized (Fig. 2C). This view resembles the left ventric- 
ular angiogram obtained in the right anterior oblique 
plane.9 

Suprasternal notch position: The transducer is positioned 
in the suprasternal notch and the beam angulated inferiorly 





and slightly posteriorly (Fig. 3A). The ascending aorta is on 
the left and the descending aorta on the right (Fig. 3B). The 
origins of the brachiocephalic vessels, the right pulmonary 
artery and left atrium are visualized in the view. 

Subcostal position: In patients with chronic obstructive 
lung disease the transducer can be placed in the subcostal 
position especially if technically suboptical images are ob- 
tained in the left parasternal position. Its usefulness in the 
evaluation of congenital heart disorders has recently been 
described.® With the transducer placed in the subcostal po- 
sition and tilted toward the patient's spine, the liver paren- 
chyma and the drainage of the hepatic veins into the inferior 
vena cava can be identified (Fig. 3, C and D). With slightly 
more superior angulation of the transducer, the communica- 
tion from the inferior vena cava to the right atrium can be 
visualized (Fig. 3D). As the transducer is angulated superiorly 
and tilted toward the left supraclavicular fossa, a tomographic 
view of the heart is thus obtained. The left and right atria and 
especially the interatrial septum can readily be visualized. By 
tilting and angulating the transducer in various planes, it is 
possible to obtain modified views of the left ventricle in cross 
section and the long axis of the entire right ventricular outflow 
tract.® 


Clinical Applications 


Several excellent publications? 4 have described the 
increased diagnostic utility of two dimensional echo- 
cardiography in congenital heart disease in pediatric 
patients. Without detracting from the clinical useful- 
ness of M mode echocardiography, this report is de- 


FIGURE 3. A, drawing of the heart and 
great vessels with the transducer in the 
suprasternal notch position and directed 
inferiorly and slightly posteriorly. B, di- 
agrammatic representation of the corre- 
sponding sector scan. The ascending aorta 
(Ao.) is on the left, the arch anterior and the 
descending aorta is on the right. Origins of 
the brachiocephalic vessels, right pulmo- 
nary artery (RPA) on cross section, and the 
left atrium (LA) can be seen posteriorly. C, 
drawing of the heart with the transducer in 
the subcostal position and angulated 
A toward the patient’s spine. D, diagrammatic 
representation of the corresponding sector 
scan. The liver and junction of hepatic vein 
(HV) and inferior vena cava (IVC) are seen 
anteriorly. The junction of the IVC and right 
atrium (RA) is demonstrated. The interatrial 
septum (IAS) and left atrium (LA) may also 
P be seen. A = anterior; | = inferior; Innom 
= innominate artery; LCC = left common 
carotid artery; LS = left subclavian artery; 
P = posterior; S = superior; SVC = su- 
perior vena Cava. 
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signed to highlight the added advantages of two di- 
mensional over M mode echocardiography in a variety 
of cardiac disorders occurring in adults. 


Coronary Artery Disease 


Wall motion abnormalities: M mode echocardiog- 
raphy may detect the indirect consequence of coronary 
artery disease, namely, segmental areas of abnormal 
wall motion, left ventricular dilatation and myocardial 
scarring. Scarring is classically recognized as increased 
wall density, decreased motion and reduced thickness, 
usually measuring 7 mm or less.!? Unfortunately, M 
mode echocardiography produces a limited “ice-pick” 
view of the heart; only large areas of asynergy may be 
detected, and adequate evaluation of the left ventricular 
apex is not always possible. Two dimensional echocar- 
diographic scanning can yield reliable information 
about wall motion abnormalities!6 and can detect ven- 
tricular aneurysms.!? The apical four and two chamber 
views or right anterior oblique equivalent view allow a 
more complete look at the entire left ventricular cavity 
including the apex. However, two dimensional studies 
may indicate normal findings in some patients with 
significant coronary artery disease. 

In addition, although wall motion abnormalities can 
be reliably detected by two dimensional echocardiog- 
raphy, discrepancies between two dimensional echo- 
cardiographic and angiographic findings may occur. In 


FIGURE 4. Left ventricular aneurysm. Apical four chamber 
view in a patient with a proved anteroapical aneu- 
rysm of the left ventricle (LV). A large aneurysm (An.) 
involving the distal portion of the septum, apex and part of inferior 
wall is visualized. A thrombus is present in the apex of the an- 
eurysm (large white arrow). LA = left atrium; RA = right atrium; 
RV = right ventricle. 
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one study,!® the discrepancies were attributable to ob- 
server error caused by inadequate visualization of echo 
targets. 

Ventricular aneurysm: The validity of real time 
cross-sectional echocardiography in the detection of 
ventricular aneurysms has been documented.'’ The 
aneurysm appears as a bulge with a shelf-like separation 
from the normal ventricular myocardium. Figure 4 
shows a four chamber view of a large anteroapical 
aneurysm. Recently, Barrett et al.!? reported a quan- 
titative index for assessing residual left ventricular 
function in the presence of a ventricular aneurysm. The 
ratio of the length of residual normal myocardium to the 
long axis of the ventricle is determined for each of four 
walls in the apical four and two chamber views. Because 
the index reflects an evenly weighted contribution from 
all four ventricular walls, it provides an accurate as- 
sessment of global residual myocardium. This may 
prove to have prognostic and therapeutic implica- 
tions. 

Two dimensional echocardiography may be more 
specific than angiography in the diagnosis of left ven- 
tricular pseudoaneurysm by documenting the narrow 
neck of a pseudoaneurysm.!? The distinction between 
pseudoaneurysms and true aneurysms is of great clinical 
importance. Pseudoaneurysms can rupture whereas 
true aneurysms are not prone to spontaneous rupture. 
The echocardiographic features of pseudoaneurysms 
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in four patients we recently studied?? are (1) sharp 
discontinuity of the endocardial image at the site of the 
aneurysm's communication with the left ventricular 
cavity, (2) narrow ostium connecting the left ventricle 
with the pseudoaneurysm, (3) saccular or globular 
pseudoaneurysm chamber, and (4) thrombotic material 
within the extraventricular chamber. 

Myocardial infarction: Recently, there have been 
reports attempting to quantify the extent of myocardial 
infarction by two dimensional echocardiography.?! In 
addition, this technique has been used in assessing 
prognosis with regard to survival after myocardial in- 
farction.”!:22 Severe hemodynamic deterioration after 
myocardial infarction may be due to extension of in- 
farction, mitral regurgitation secondary to papillary 
muscle dysfunction or rupture, or rupture of the inter- 
ventricular septum. Two dimensional echocardiography 
can visualize the septal defect after postinfarction 
ventricular septal rupture.?? We recently studied a pa- 
tient with an acquired ventricular septal defect in whom 
two dimensional echocardiography revealed an aneu- 
rysmal bulge of the septum and a large ventricular 
septal defect (Fig. 5). The diagnosis was confirmed by 
cardiac catheterization and subsequent operation. 
Significant papillary muscle dysfunction can be de- 
tected by two dimensional echocardiography by eval- 
uating cross-sectional images of the left ventricular 
cavity during systole and diastole. 

Two dimensional echocardiography may detect in- 
farct expansion. Eaton et al.?? studied 28 patients 
during the first 2 weeks after myocardial infarction. 
Individual end-diastolic video frames of cross-sectional 
views of the heart at the levels of the papillary muscles 
were analyzed. Regional end-diastolic segment lengths 
and wall thicknesses for anterior and posterior left 
ventricular walls were calculated. Infarct expansion was 
observed in eight patients (four of whom subsequently 
died). In each patient disproportionate dilatation and 





transmural thinning developed in the infarct zone. 'T'his 
important and exciting study sheds light on why the 
condition of some patients deteriorates after myocardial 
infarction. Regional cardiac dilatation, not infarct ex- 
tension, may be responsible for overall left ventricular 
dysfunction in acute myocardial infarction. However, 
if this technique is to be universally accepted, several 
problems have to be overcome.?^* High quality echo- 
cardiograms must be obtained an all patients. Two di- 
mensional facilities should be available in the coronary 
care unit during the initial phase of acute myocardial 
infarction. In addition, the technique has not been 
validated in patients with acute inferior transmural 
infarcts or with acute subendocardial myocardial in- 
farcts. 

Visualization of left main coronary artery: Sev- 
eral groups of investigators?526 have visualized the left 
main coronary artery with two dimensional echocardi- 
ography and have documented the presence of either 
narrowing or aneurysmal dilatation of this artery. 
Further confirmation of these preliminary findings is 
necessary before this technique can be widely ac- 
cepted. 

Left ventricular function: Although M mode 
echocardiography reliably estimates left ventricular 
function when ventricular wall motion is uniform, this 
technique may be inaccurate in estimating left ven- 
tricular function in the presence of regional asynergy.”’ 
Left ventricular ejection fraction as determined with 
two dimensional echocardiography has been accurately 
correlated with ejection fraction determined with an- 
giography even in the presence of coronary artery dis- 
ease.?929 In addition, differentiation between localized 
ànd diffuse left ventricular dysfunction can be accom- 
plished with this technique.?? 'Thus, two dimensional 
echocardiography appears to be more reliable than M 
mode echocardiography for estimating ejection fraction 
especially in patients with coronary artery disease.?? 


FIGURE 5. Ruptured interventricular septum. Four 
chamber apical view (with transducer directed 
slightly more posteriorly than usual in the middle 
and right panels). The series of two dimensional 
echocardiograms were obtained in a patient with 
an acute myocardial infarction and ruptured in- 
terventricular septum (IVS). In the left panel no 
discrete aneurysm is seen in the standard apical 
view. In the middle panel a discrete aneurysmal 
bulge of the base of the septum into the right 
ventricle (RV) is seen. In the right panel a distinct 
thinning of the upper part of the septum and a 
communication (VSD) between the right and left 
ventricle is visualized. The site and location of the 
acquired ventricular septal defect (VSD) was 
confirmed at surgery. IAS = interatrial septum; LA 
= left atrium; MV = mitral valve; RA = right atri- 
um; TV = tricuspid valve. 
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However, end-diastolic ventricular volumes, calculated 
from two dimensional studies, consistently underesti- 
mate angiographic volumes and are probably unreli- 
able.2%29 If these preliminary observations are con- 
firmed, two dimensional studies will be extremely useful 
in evaluating patients with coronary artery disease with 
regard to cardiac catheterization, pre- and postoperative 
left ventricular functional assessment and response to 
pharmacologic interventions. 


Mitral Valve Disease 


Mitral stenosis: M mode echocardiography is reli- 
able in documenting the presence of mitral stenosis. 
However, Cope et al.?! demonstrated that the diastolic 
closure rate (or E-F slope) of the anterior mitral leaflet 
is unreliable in predicting the severity of stenosis in an 
individual patient. They also demonstrated that a de- 
creased amplitude of excursion of the anterior mitral 
valve does not correlate with the mitral valve area. 
Several studies have correlated the size of the mitral 
valve orifice obtained with cross-sectional echocardi- 
ography and the size of the valve measured at the time 
of surgery or calculated from cardiac catheterization 
data. ??-?4 

There are limitations and pitfalls in evaluating 
cross-sectional echocardiography in measuring mitral 
valve area. In some patients, an adequate examination 
cannot be obtained because of the association of chest 
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wall deformities or emphysema, or both. In addition, the 
transducer must be aligned superiorly and inferiorly to 
locate the smallest area separating the atrium and 
ventricle. Cross-sectional frames should be obtained as 
the transducer beam is angulated in a cephalad direc- 
tion from the papillary muscle to include only the tips 
of the leaflets. The area determined with planimetry 
may be inaccurate because of irregularity in the margin 
of the orifice or variable persistence.of line thickness of 
the video imaging system. In addition, heavy calcifica- 
tion or dense fibrosis of the valve tips may result in a 
spuriously smaller valve area, especially if the gain is 
markedly increased.?? In severe calcification of the 
leaflet, excess echo reflections from the calcium deposit 
may cause the leaflet to appear thicker and the mitral 
valve orifice to appear smaller than its actual size. Fig- 
ure 6A shows a two dimensional short-axis view in a 
patient with mitral stenosis in which the transducer 
beam intersects the true valve orifice at the commissural 
edge of the stenotic valve. By contrast, the true mitral 
valve orifice could not be imaged in a patient with severe 
calcific mitral stenosis (Fig. 6, B and C). Problems with 
lateral beam resolution and image dropout, particularly 
in the region of the commissures, may be contributing 
factors in causing error in measurement. 

Two dimensional echocardiography may be helpful 
in explaining the abnormal motion of the posterior 
mitral leaflet in patients with mitral stenosis. In 40 





FIGURE 6. Mitral stenosis. A, cross-sectional two dimensional echocardiogram in a patient with mitral stenosis. The mitral valve orifice (MVO) 
is considerably reduced in size and the mitral valve area measures 0.5 cm?. B, cross-sectional two dimensional echocardiogram at the level of 
the mitral tips in a patient with severe mitral stenosis and calcified mitral valve (CMV). With normat gain setting, no mitral valve orifice is demonstrated. 
C, same patient as in B with the gain setting decreased. The mitral valve orifice (MVO) can barely be appreciated but the mitral valve area could 


not be calculated. LV = left ventricle; RV = right ventricle. 
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TABLE | 


Cause of Mitral Regurgitation in 140 Patients Studied With 
Two Dimensional Echocardiography 


Patients (n) 


Mitral valve prolapse 41 
Mixed mitral stenosis and regurgitation 27 
"Pure" rheumatic mitral regurgitation 10 
Ruptured chordae tendineae | 14 
Papillary muscle dysfunction 19 
Mitral anular calcification 11 
Idiopathic hypertrophic subaortic stenosis 5 
Cleft mitral valve 5 
Atrial myxoma 1 

7 


Undiagnosed 
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percent of patients, the mid portion of the anterior 
leaflet bulged above the level of the mitral ring into the 
left atrium during systole.?? The phenomenon may be 
a result of immobility of the tip of the leaflet in the 
presence of shortened and fused chordae tendineae and 
should not be considered a result of associated mitral 
valve prolapse. Two dimensional evaluation of the mi- 
tral valve area has proved useful in following up patients 
after mitral valve commissurotomy to detect reste- 
nosis.?6 

Mitral regurgitation: Mitral regurgitation may 
occur as a result of abnormal function of the mitral 
anulus, mitral valve leaflets, chordae tendineae, papil- 


lary muscles and left ventricular myocardium.?/ Re- 
cently, we?? completed a two dimensional echocardio- 
graphic study of 140 patients with a clinical diagnosis 
of mitral regurgitation in whom a holosystolic or a mid 
to late systolic murmur was auscultated and recorded 
phonocardiographically. T'he cause of mitral regurgi- 
tation in these 140 patients is shown in Table I. In only 
seven patients were we unable to ascertain the cause of 
the mitral regurgitation. We were able to differentiate 
between valvular and myocardial causes of the mitral 
insufficiency. In addition, two dimensional echocardi- 
ography allows assessment of left ventricular and left 
atrial size and left ventricular systolic function. 

Characteristic abnormalities of mitral prolapse are 
best seen in the longitudinal view (Fig. 7) and on occa- 
sion in the apical view. The abnormal leaflet arches 
superiorly above the mitral anular ring into the left 
atrium.?? [n addition, abnormal leaflet motion is lo- 
calized to the body of the leaflets, and the coaptation 
point at the tips of the leaflets remains intact. Other 
additional echocardiographic findings included vigorous 
inferior systolic anular motion and anterior displace- 
ment of the coaptation point. It is generally thought that 
two dimensional echocardiography can predict more 
precisely which leaflet prolapses; this is not always 
possible with M mode techniques. 

Wann et al.*? were able to differentiate eight patients 
with significant rheumatic mitral regurgitation from 
eight patients with minimal regurgitation by evaluating 





FIGURE 7. Mitral regurgitation. Two dimensional echocardiographic ill 


ustrations of four causes of mitral regurgitation: (from left to right) mitral 


valve prolapse, ruptured chordae tendineae, rheumatic disease and an ostium primum cushion defect. In the first case, that of mitral valve prolapse, 
a systolic frame of the two dimensional long-axis view shows prolapse of both mitral valve (MV) leaflets into the left atrium (LA). Prolapse occurs 
only during late systole when both leaflets arch beyond the plane of the mitral anulus (solid line) into the left atrium. In the second case, that of a 
ruptured chorda tendinea, a systolic frame of the two dimensional parasternal long-axis view shows the tip of the posterior mitral leaflet (PML) moving 
past the anterior mitral leaflet (AML) into the left atrium. Maximal abnormal motion occurs at the tip of the flail posterior mitral leaflet; short axis 
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short axis views during systole. Failure of closure of 
small areas, of either the medial or lateral aspect of the 
valve, was associated with minimal regurgitation. In 
patients with significant mitral regurgitation, failure 
of both sides to close in the center of the valve was noted 
(Fig. 7). 

Ruptured chordae tendineae with a flail mitral 
leaflet may be detected by two dimensional echocar- 
diography.*! The characteristic abnormality is a rapid 
systolic motion of the involved leaflet beyond the line 
of valve closure into the atrium in the long axis view. 
The maximal abnormal systolic motion is greatest at the 
tip of the leaflet with a loss of the normal coaptation 
point (Fig. 7). Two dimensional echocardiography is 
superior to M mode echocardiography both in detecting 
and in excluding ruptured chordae.*? 

In patients with papillary muscle dysfunction, two 
dimensional study shows abnormalities of either the 
papillary muscles or left ventricular wall motion (Fig. 
8). Late systolic mitral prolapse and inferior displace- 
ment of the mitral valve coaptation point have also been 
described in papillary muscle dysfunction.*” 





Two dimensional echocardiography can diagnose 
other causes of mitral insufficiency such as mitral an- 
ular calcification, cleft anterior leaflet (Fig. 7), idio- 
pathic hypertrophic subaortic stenosis and left atrial 
myxoma. A recent study** has demonstrated that most 
calcific deposits occurring in elderly patients are located 
anteriorly and posteriorly in the submitral region and 
not in the true anulus. 


Left Ventricular Outflow Obstruction 


Left ventricular outflow obstruction can generally be 
classified by its origin in valvular, subvalvular or su- 
pravalvular aortic stenosis*? or aortic coarctation. In 
turn, each of these types can be further classified ac- 
cording to etiologic, morphologic and clinical charac- 
teristics. 

Aortic stenosis: Valvular aortic stenosis may be due 
to an intrinsically stenotic congenital valve, either un- 
icuspid, bicuspid or tricuspid. In addition, discrete 
stenosis may develop in adult life, and patients may 
present during the fourth or fifth decade with severe 
aortic stenosis and heavy valve calcification. Discrete 


Diastole 


Systole -------- 
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FIGURE 8. Papillary muscle dysfunction. Cross-sectional view of two dimensional echocardiogram of a patient with mitral regurgitation secondary 
to papillary muscle dysfunction. End-diastolic (left) and end-systolic (right) frames are accompanied by a line drawing of superimposed diastolic 
(solid line) and systolic (dotted line) endocardial surfaces. The lateral papillary muscle (LPM) is akinetic, the medial papillary muscle.(MPM) is hy- 
pokinetic, and the inferior and lateral left ventricular (LV) wall motion is also hypokinetic. Abbreviations as in Figure 1. 
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aortic stenosis on a normal trileaflet valve can occur 
from either rheumatic disease or calcific disease of the 
elderly. In either event, when the valve becomes sig- 
nificantly narrowed and calcified, the clinical and 
echocardiographic features may be indistinguishable 
from those of a congenitally abnormal valve with ste- 
nosis and calcification. 

M mode echocardiographic assessment of the degree 
of cusp mobility and thickening has not proved a reli- 
able predictor of valve gradient in valvular aortic ste- 
nosis. Weyman et al.46 correlated two dimensional 
echocardiographic findings with cardiac catheterization 
data. Although the degree of mobility roughly correlated 
with the severity of the stenosis and although there was 
a significant overlap between mild, moderate and severe 
stenosis, they reported a clear separation between pa- 
tients with mild and patients with moderately severe 
stenosis. DeMaria et al.*’ reported that two dimensional 
echocardiography is sensitive in detecting aortic stenosis 
but cannot differentiate critical from mild aortic ste- 


nosis. Likewise, we have been unable to diagnose the 
severity of aortic stenosis with this technique. In two 
dimensional studies the aortic leaflets appear thickened, 
and decreased mobility is observed. Left ventricular 
hypertrophy is usually present. 

Congenitally stenotic aortic valves may be unicuspid, 
bicuspid or tricuspid, but are usually bicuspid. M mode 
echocardiography allows detection of a bicuspid valve 
in approximately 75 percent of patients.*® The charac- 
teristic M mode echographic finding is an eccentric 
position of the aortic leaflets in diastole. However, in 25 
percent of patients, the aortic leaflets may be situated 
in a normal mid position. Furthermore, M mode echo- 
cardiography may not demonstrate valve stenosis. The 
valves dome in systole, and unless the ultrasonic beam 
intersects the tip of the valve leaflets, normal separation 
of the leaflets may be recorded. Weyman et al.*? ex- 
amined 28 patients with congenital aortic stenosis with 
cross-sectional echocardiography. In each instance the 
stenotic valve demonstrated increased echo density, 





FIGURE 9. Bicuspid aortic valve. Short-axis view of two dimensional echocardiogram in a normal patient (left) and in a patient with a bicuspid aortic 
valve (right). The trileaflet aortic valve is demonstrated in the left panel and the two cusps separated by a single commissure is demonstrated in 
the right panel. A = anterior cusp; Ao = aortic; L = left coronary cusp; LA = left atrium; N = noncoronary cusp; P = posterior cusp; R = right coronary 
cusp; RA = right atrium; RV = right ventricular outflow tract; TV = tricuspid valve. 
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abnormal leaflet motion and abnormal systolic doming 
of the valve cusps in the long-axis view. In diastole, the 
thickened aortic leaflets were seen to bow backward 
toward the cavity of the left ventricle. In the cross-sec- 
tional view, a bicuspid aortic valve can be visualized as 
two distinct cusps separated by a horizontal single 
commissure (Fig. 9). Occasionally, a median raphe of the 
anterior cusp may be present. 

In one study of bicuspid aortic valve, two dimen- 
sional echocardiography correctly identified a bicupsid 
valve in 95 percent of patients.?? The criteria included 
the number of cusps seen in real time motion, irregu- 
larity or folding of cusp margins and location of com- 
missural insertions. 

Subvalvular aortic stenosis: This lesion can be 
classified into three types: discrete membranous, fi- 
bromuscular and fibromuscular tunnel. The discrete 
membranous type is the most common lesion encoun- 
tered; M mode echocardiography frequently demon- 
strates early systolic closure of the aortic valve.45 
However, the ability of the M mode technique to detect 
the discrete subvalvular narrowing is limited because 
the beam is directly parallel to the membranous band. 
The superiority of two dimensional echocardiography 
in detecting a discrete subvalvular membrane (Fig. 10) 
or a fibromuscular type is evident. The discrete mem- 
brane may be seen as a distinct linear echo within the 
outflow tract; the membrane may exhibit dynamic 
motion that can readily be recognized.?! Patients with 
fibromuscular lesions show a diffuse or shelf-like nar- 
rowing of the outflow tract.5! 

Hypertrophic subaortic stenosis: Two dimensional 
echocardiography provides very little additional diag- 
nostic information compared with that provided by M 
mode echocardiography in the assessment of idiopathic 
hypertrophic subaortic stenosis. In the long-axis view, 
two dimensional echocardiography may localize the area 
of septal hypertrophy.?? In the short-axis view, the 
mitral apparatus, including the papillary muscles, is 
anteriorly displaced. After septal myomectomy, two 
dimensional echocardiography may delineate the extent 
of myomectomy. Using the transverse view, Schapira 
et al. demonstrated that if the myomectomy was 
performed more medially and posteriorly than the 8 
o'clock to 10 o'clock position, the area of septal thinning 
was roughly parallel to the M mode beam. The region 
of septal thinning thus could easily be overlooked if only 
the more lateral and anterior portion of the interven- 
tricular septum was studied with M mode echocardi- 
ography. 

Wall thickness, mitral E-F slopes and degree of sys- 
tolic anterior motion can be quantified with M mode 
echocardiography. However, two dimensional echo- 
cardiography may allow differentiation between systolic 
anterior motion of the chordae tendineae and systolic 
anterior motion of the mitral leaflets.5* This differen- 
tiation is important clinically; the former phenomenon 
may be strictly an echocardiographic finding with 
minimal clinical implications, and the latter may have 
significant clinical importance. However, it is not always 
possible to be certain whether systolic anterior motion 
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occurs at the chordal end of the mitral leaflet or involves 
the entire mitral valve apparatus.?? 

Supravalvular aortic stenosis: Two dimensional 
echocardiography allows differentiation of localized 
tubular hypoplasia from the discrete membranous form 
of supravalvular left ventricular outflow obstruc- 
tion.?? 

Coarctation of aorta: M mode echocardiography is 
unreliable in the diagnosis of coarctation of the aorta. 
Weyman et al.56 studied with cross-sectional echocar- 
diography 18 patients with a proved diagnosis of 
coarctation of the aorta. The suprasternal notch ap- 
proach was utilized and visualization of the coarcted 
segment was possible in 16 of the 18 patients. Visual- 
ization of the aortic arch with all the branches proximal 
to the descending aorta was accomplished. The coarcted 
segment was recognized as a localized area of narrowing 
usually distal to the left subclavian artery (Fig. 11). In 
addition, prominent systolic pulsation and expansion 
of the aortic arch and left subclavian artery proximal 
to the coarctation was demonstrated. 


The Tricuspid Valve 


Tricuspid regurgitation: Disorders of the tricuspid 
valve can readily be assessed with two dimensional 
echocardiography; all three leaflets of the tricuspid 
valve can be visualized. In the long-axis right ventricular 








FIGURE 10. Subvalvular aortic stenosis. Long-axis view of two di- 
mensional echocardiogram in a patient with discrete subvalvular aortic 
stenosis. The membrane is clearly seen below the origin of the right 
coronary cusp (RCC) in the left ventricular (LV) outflow tract. The M 
mode echocardiogram in this patient did not demonstrate the mem- 
brane. LA = left atrium; MV = mitral valve; NCC = noncoronary cusp; 
RV = right ventricle. 
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inflow view, both anterior and posterior leaflets are 
clearly visualized. In the apical view, the septal leaflet 
of the tricuspid valve can also be seen. With peripheral 
vein injections of 5 percent dextrose in water and with 
use of a two dimensional ultrasound system, Lieppe et 
al.57 confirmed the diagnosis of tricuspid regurgitation. 
The characteristic findings included the appearance of 
contrast medium in the inferior vena cava and move- 
ment of contrast bubbles back and forth across the tri- 
cuspid valve (Fig. 12). This technique suggested the 
presence of tricuspid regurgitation even in the absence 
of clinical signs. High quality images of the inferior vena 
cava and the right atrium may be obtained by holding 
the two dimensional transducer'in the epigastrium. This 
technique may prove particularly useful in patients with 
chronic obstructive pulmonary disease. 

Ebstein’s anomaly of the tricuspid valve: Two 
dimensional echocardiography is diagnostic of Ebstein’s 
anomaly. The apical view can detect inferior displace- 
ment of the tricuspid valve relative to the insertion of 
the mitral valve.°? The marked inferior displacement 
of the tricuspid leaflet with a small right ventricular 
cavity and a huge atrialized right ventricle is charac- 
teristic for Ebstein’s anomaly of the tricuspid valve (Fig. 
13). In addition, associated tricuspid regurgitation or 
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a right to left shunt can be detected by the use of con- 
trast echocardiography. 

The diagnosis of tricuspid valve prolapse obtained 
with two dimensional echocardiography has been shown 
to be superior to that obtained from M mode echocar- 
diography.?? 


Pulmonary Valve 


M mode echocardiography may be helpful in the di- 
agnosis of valvular pulmonary stenosis.9? 'The charac- 
teristic M mode finding is a marked increase in the 
posterior deflection of the posterior pulmonary leaflet 
after atrial contraction (a wave). The echocardiographic 
findings may be explained by the decreased right ven- 
tricular compliance and forceful right atrial contraction. 
These phenomena result in a high right ventricular 
end-diastolic pressure that may exceed the pulmonary 
arterial pressure and cause presystolic opening of the 
pulmonary valve. M mode echocardiography may be of 
limited value in the diagnosis of pulmonary stenosis 
because of difficulty in recording the pulmonary valve 
and because an exaggerated a wave can occur in a va- 
riety of disorders$9; in addition, a normal echocardio- 
gram may be recorded in patients with mild valvular 
pulmonary stenosis. 
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FIGURE 11. Coarctation of aorta. 
Suprasternal views of two dimen- 
sional echocardiogram of aortic 
arch in a normal subject (left panel) 
and in a patient with coarctation 
(coarct.) (right panel). In the normal 
subject, the aortic arch and its 
branches are visualized. The nar- 
rowed segment (arrow) is clearly 
visualized in the right panel. Desc 
Ao = descending aorta; Innom = 
right innominate artery; LCC = left 
common carotid artery; LS = left 
subclavian artery; RPA = right pul- 
monary artery. 
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FIGURE 12. Tricuspid regurgitation. A, subcostal 
view of two dimensional echocardiogram of a 
patient with tricuspid regurgitation. Left panel 
shows a dilated inferior vena cava (IVC) (that was 
pulsatile during systole) entering into a dilated right 
atrium (RA). Right panel is a systolic frame after 
the peripheral injection of saline. Microcavitations 
and persistent "cloud of echoes” is demonstrated 
in the IVC and lower right atrium. HV = hepatic 
vein; LA = left atrium. B, apical four chamber 
view of two dimensional echocardiogram in same 
patient. Left panel shows dilated right ventricle 
(RV) and right atrium (RA). Right panel is early 
systolic frame and demonstrates microcavitations 
in both the right atrium and right ventricle (20 
cardiac cycles after injection). The back and forth 
movement of contrast across the tricuspid valve 
from right ventricle to right atrium is further evi- 
dence of tricuspid regurgitation. 
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The two dimensional echocardiographic feature of 
valvular pulmonary stenosis is characterized by systolic 
doming of the pulmonary leaflets.°! Normally, the 
pulmonary leaflet echoes move rapidly apart during 
systole and remain parallel to the margin of the pul- 
monary artery. Two dimensional echocardiography 
appears to be more sensitive than M mode echocardi- 
ography in the diagnosis of valvular pulmonary ste- 
nosis. 


Endocarditis 


It has been estimated that M mode echocardiography 
can detect vegetations in approximately 34 percent of 
patients with proved bacterial endocarditis.9? This low 
sensitivity has two possible explanations: first, the di- 
agnostic ability of M mode echocardiography may be 
related to vegetation size because it is estimated that the 
M mode technique will detect only vegetations larger 
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FIGURE 13. Ebstein's anomaly (apical). Four chamber view of two 
dimensional echocardiogram in a patient with proved Ebstein's anomaly 
of the tricuspid valve. The inferior displacement of the tricuspid valve 
(TV) in relation to the mitral valve (MV) is visualized. The right ventricle 
(RV) is reduced in size and an enlarged right atrium (RA) or atrialized 
right ventricle is also demonstrated. LA = left atrium; LV = left ven- 
tricle. 


than 5 mm.*? Second, because of the nature of the 
technique, M mode echocardiography may visualize 
only limited areas of valvular and anular surfaces. 

The two dimensional echocardiographic findings of 
valve vegetations have been reported by Gilbert et al.64 
'These lesions appear as rapidly oscillating masses that 
are either attached to or replace normal valve tissue. 
'T he masses were localized to the individual leaflet, and 
the size and mobility of the lesion were readily assessed. 
For example, in one patient (who had severe angina and 
an anterior myocardial infarction), a vegetation was 
visualized that appeared to occlude the orifice of the left 
main coronary artery in diastole. This phenomenon was 
readily appreciated with two dimensional but not with 
M mode echocardiography. Similarly, we have observed 
a patient with rheumatic heart disease in whom a large 
vegetation in the left ventricular cavity was detected 
with two dimensional echocardiography (Fig. 14). On 
the basis of the M mode study, it was originally thought 
that this patient had thickening of the chordae tendi- 
neae. Indeed, the diagnosis of bacterial vegetation was 
never suspected from the M mode study. 
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FIGURE 14. Left ventricular vegetations (apical). Four chamber view 
of two dimensional echocardiogram in a patient with rheumatic mitral, 
aortic and tricuspid valve disease. A mobile vegetation (VEG) is clearly 
visualized in the left ventricular (LV) cavity well below the thickened 
mitral leaflets. Four chamber enlargement is present. LA = left atrium; 
RA = right atrium; RV = right ventricle. 
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FIGURE 15. Bacterial endocarditis of aortic valve. Long-axis view of two dimensional echocardiogram in a patient with bacterial endocarditis and 
a flail noncoronary cusp that was not detected on M mode echocardiography. Left panel during systole shows normal opening motion of the right 
(RCC) and noncoronary cusps (NCC). Middle panel demonstrates a buckling inferior and posterior motion of the noncoronary cusp at the onset 
of diastole (large white arrow). Right panel demonstrates a posterior buckling of the noncoronary cusp beyond the coapted right coronary cusp 
in late diastole. (Both M mode and two dimensional echocardiographic techniques were unable to demonstrate a vegetation.) Ao — aorta; LA — 
left atrium; MV = mitral valve. 





FIGURE 16. Porcine mitral heterograft. Long-axis 
view of two dimensional echocardiogram in a patient 
with a porcine mitral valve heterograft. The stents 
point toward the apex. During diastole (left panel) the 
thickened leaflets and decreased mobility are seen. 
During systole (right panel) both leaflets converge in 
the middle of the stents. Ao = aorta; AC = anterior 
cusp; AS - anterior stent; IVS — septum; LA - left 
atrium; LPW = left ventricular posterior wall; PC = 
posterior cusp; PS = posterior stent; RV = right 
ventricle. 
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FIGURE 17. Pericardial and pleural effusions. A, long-axis (left panel) and short-axis (right panel) views of two dimensional echocardiogram in 
a patient with large pericardial and pleural effusions (Eff) before pericardocentesis. In both views the descending aorta (Desc Ao) is clearly separated 
from the posterior heart wall by the pericardial effusion and pericardium. A pleural effusion is also seen posteriorly and lateral to the descending 
aorta. B, same views in same patient after pericardiocentesis. The descending aorta is in close proximity to the posterior heart wall and can clearly 


be differentiated as a separate structure from the pleural effusion. Ao = aorta; LA = left atrium; LV = left ventricle. 


1076 May 1980 The American Journal of CARDIOLOGY Volume 45 


In patients with abnormal chest wall configuration 
or obesity, poor sound transmission may occur and the 
detection of vegetations may be difficult. Improper gain 
settings may result in a false positive diagnosis. This 
may occur as a result of manufacturing artifacts, and 
dense echoes may be produced on normal valve struc- 
tures. Severely fibrotic, calcified or redundant valves 
may be incorrectly diagnosed as bacterial vegetations. 
An extremely small vegatation may be missed with two 
dimensional echocardiography as it may also be missed 
with the M mode technique. 

Some investigators® have reported a distinct supe- 
riority of two dimensional echocardiography over M 
mode echocardiography in detecting vegetations. Other 
investigators?967 have reported that the two techniques 
were equally sensitive in detecting vegetations on native 
valves. In addition, two dimensional echocardiography 
appears to be superior to M mode echocardiography in 
detecting complications of bacterial endocarditis (Fig. 
15).87 


Prosthetic Valves 


On the basis of an initial evaluation of the commonly 
used prosthetic valves, we believe that two dimensional 
echocardiography offers little advantage over the M 
mode technique in evaluating patients with central 
occluder disc or ball valves and the eccentric mono- 
cuspid valves. Indeed, the inability of two dimensional 
echocardiography to record simultaneous valve motion 
and phonocardiographic events is a distinct disadvan- 
tage. There are excessive reflections of echoes from the 
metallic cage, disc or ball as well as from the suture ring. 
These make identification and motion of each individ- 
ual wave difficult. 


TABLE Il 


e TWO DIMENSIONAL ECHOCARDIOGRAPHY — ' ; 


Bioprosthetic valves: In our laboratory the ability | 


to detect valve leaflet motion in patients with 
bioprosthetic valves has been substantially enhanced 
with two dimensional echocardiography. The M mode 


echocardiographic features of the stent-mounted aortic - 


bioprosthetic valve in the mitral position have been 
described.9?.7? The stents attached to the mitral anulus 
exhibit considerable parallel motion. During systole, the 
stent echoes move anteriorly and during diastole they 
move posteriorly. The leaflets’ opening motion occurs 
during diastole in a box-like fashion with the two leaflets 
merging together at the onset of systole. The excursion 
of heterograft aortic valves is similar to that of native 


aortic leaflets and generally less than that of the native - 


mitral valve leaflets. Early dysfunction of the biopros- 
thesis may present as central insufficiency, improperly 
coapting leaflets or insufficiency around a dehiscing 
stent.7.7? Late dysfunction may occur as a result of 
disruption or calcification of the tissue leaflets resulting 
in valve insufficiency or stenosis. Horowitz and asso- 
ciates/?/74 reported the echocardiographic findings in 
patients with calcified degeneration of the bioprosthetic 
valve; dense echoes and limited motion were recorded. 
These findings, which may mimic those of calcific mitral 
stenosis, have been confirmed at surgery. 

The superiority of two dimensional echocardiogra- 
phy over M mode echocardiography in the evaluation 
of patients with bioprosthetic valves has been dem- 
onstrated. Using two dimensional technique, Schapira 
et al.’° were able to differentiate between valve prob- 
lems and left ventricular dysfunction. Similarly, in our 
experience, M mode echocardiography is not always 
able to define distinct leaflet motion. Figure 16 shows 
a two dimensional echocardiogram in a patient with 


Comparison of Two Dimensional Echocardiography and M Mode Echocardiography in the Diagnosis of Intracardiac Masses 
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* Diagnosis was made on the basis of retrospective examination. 


t M mode echocardiogram could not differentiate an intracavity left atrial mass from an extracardiac tumor. 
M mode = M mode echocardiography; Two D = two dimensional echocardiography. 
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thickened and dense fibrotic calcified cusps in whom the 
M mode echocardiogram was unable to demonstrate 
individual leaflet motion. It is possible that dense re- 
flecting echoes from the anterior stent may allow in- 
complete penetration of deeper structures and thus 
individual valve leaflet motion may not always be de- 
termined. 


Pericardial Effusion 


Large versus small effusions: M mode echocardi- 
ography is extremely sensitive in the diagnosis of peri- 
cardial effusion.79-7 However, in a recent study by 
Martin et al.9 M mode echocardiography was most 
accurate in documenting moderate-sized effusions. 
Using two dimensional echocardiography, they studied 
28 patients with proved pericardial effusion. In patients 
with a small effusion, fluid was at or just below the 
atrioventricular (A-V) groove; there was minimal or no 
fluid apically, laterally or anteriorly. In contrast, pa- 





FIGURE 18. Left ventricular thrombus. A, apical four chamber view 


thrombus in an anteroapical aneurysm is visualized. B, left atrial thrombus. A 
a patient with rheumatic mitral valve disease and an enlarged left atrium. A larg 
is evident. The thrombus was not detected by M mode echocardiography but wa 


= right ventricle. 


tients with a large effusion had predominant postero- 
medial and apical localization of the fluid, although 
lateral and anterior accumulation was observed. 
Therefore, a one dimensional evaluation may under- 
estimate the size or a large effusion. In addition, fluid 
may be detected posterior to the A-V groove and behind 
the left atrium in patients with a large pericardial 
effusion. 

In patients with imminent cardiac tamponade, right 
ventricular compression during diastole has been de- 
scribed.?! Although this is a valuable sign and can 
readily be recognized on two dimensional echocardi- 
ography, its absence does not preclude the diagnosis of 
cardiac tamponade. Two dimensional echocardiography 
can also detect the apparent apical shift of fluid when 
the patient assumes an upright position. The redistri- 
bution of fluid may have important clinical implications 
with regard to pericardiocentesis. This two dimensional 
echocardiographic finding would favor a subxiphoid 
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of two dimensional echocardiogram of the left ventricle (LV). A large apical 


pical four chamber view of two dimensional echocardiogram in 
e left atrial (LA) thrombus attached to the posterior left atrial wall 
s confirmed at surgery. L = left; R = right; RA = right atrium; RV 
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approach. It would also imply absence of fluid locula- 
tion. In addition, two dimensional echocardiography 
may allow visualization of the aspiration needle during 
pericardiocentesis and thus avoid penetration of the 
myocardium. 

Pericardial versus pleural effusion: We have 
found that the position of the descending aorta can re- 
liably differentiate a large posterior pericardial effusion 
from a pleural effusion. In a posterior pericardial effu- 
sion, the descending aorta is separated from the left 
ventricular posterior wall by an echo-free space; in 
pleural effusion, the descending aorta is in close prox- 
imity to the posterior cardiac border with which it is 
normally anatomically related (Fig. 17). 


Cardiac Masses 


Left intracardiac masses: Several reports??? have 
attested to the usefulness of M mode echocardiography 
in the diagnosis of cardiac tumors, particularly atrial 
myxomas. The detection of left atrial clots59-5? and left 
ventricular thrombi9?-?! with M mode echocardiogra- 
phy has been reported in isolated cases. Because of the 
limited “ice-pick” view of the heart, tumors or thrombi 
of the left ventricle and left atrium are not always de- 
tected with M mode techniques. 

Several recent studies have described the usefulness 
of two dimensional echocardiography in detecting in- 
tracardiac tumors or thrombi, or both (Table II). Both 
Ports et al.?? and DeMaria et al.?? demonstrated the 
superiority of two dimensional over M mode echocar- 
diography in detecting left ventricular thrombi. Two 
dimensional echocardiography allowed more accurate 
appreciation of size, shape, mobility and origin of the 
intracardiac mass. The apical view was best for de- 
tecting left ventricular and left atrial thrombi (Fig. 18). 
The thrombus could easily be differentiated from the 
ventricular aneurysm with which it was frequently as- 
sociated. Two dimensional echocardiography detected 
thrombi larger than 2.5 cm or thrombi that were par- 
ticularly inhomogeneous, either laminated, calcified or 
highly organized. The irregular shape and appearance 
of recent thrombi on two dimensional echocardiography 
in patients with coronary heart disease differed from the 
circumscribed appearance of chronic thrombi in pa- 
tients with cardiomyopathy. 

The inability to detect all thrombi with two dimen- 
sional echocardiography may be related to various 
factors. Small thrombi may have similar acoustical 
properties to those of the surrounding blood or endo- 
cardium, or both. Technique is most important; if the 
receiver gain is “too low,” signal dropout occurs, and an 
intracavity mass may not be detected. Conversely, with 
the receiver gain “too high,” spurious echoes within the 
left ventricular cavity or endocardium may be produced 
simulating an intracardiac mass. During recording of 
the apex of the left ventricle, gain attenuation is critical 
and should be adjusted so that the endocardium is 
barely visualized. Apical masses should be examined 
during diastole when the heart is at its maximal diam- 
eter so that normal cavity obliteration of the apex 
should not be confused as a thrombus or tumor. 
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Right intracardiac tumors: Right-sided tumors 
may be more readily detected with two dimensional 
than with M mode echocardiography.?^ Because the 
right ventricle is the most anterior of the four cardiac 
chambers and lies directly beneath the sternum it is one 
of the most difficult to evaluate by M mode echocardi- 
ography. Two dimensional echocardiography allows 
more complete visualization of the right ventricular 
cavity and outflow tract than M mode echocardiog- 
raphy. 

The right atrium is even more difficult to evaluate 
with M mode than with two dimensional echocardiog- 
raphy. We recently studied a patient who presented 
with recurrent hemorrhagic pericardial effusion. The 
M mode echocardiogram confirmed the presence of a 
large pericardial effusion, and the results of the re- 








FIGURE 19. Right atrial tumor. Sagittal view of two dimensional 
echocardiogram of the right atrium with the transducer in the subcostal 
position. At the junction of the inferior vena cava (IVC) and right atrium, 
a large mobile tumor (T) is visualized. A = anterior; | = inferior; P = 
posterior; S = superior. 
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mainder of the study were within normal limits. The two 
dimensional study (Fig. 19) revealed an intracardiac 
mass extending from the junction of the inferior vena 
cava into the right atrium; this mass subsequently 
proved to be an endothelial sarcoma of the right atrium. 
The tumor had invaded the surrounding tissues and 
produced a false aneurysm and recurrent hemorrhagic 
pericardial effusion. 


Aortic Aneurysms 


Aneurysms of the ascending aorta have been docu- 
mented with two dimensional echocardiography.99:99 
The spiral aortic tear separating the true lumen from 
the false lumen in patients with aortic dissection can be 
seen.2599 However, further studies are needed to de- 
termine the sensitivity and specificity of two dimen- 
sional echocardiography in the diagnosis of aortic dis- 
section. The course of the descending throacic aorta has 
been mapped using both the long-axis and short-axis 
views.9? 


Interatrial Septum and Right Atrium 


Although M mode echocardiography is useful in de- 
tecting right ventricular volume overload (increased 
right ventricular dimension and abnormal septal mo- 
tion), it is by no means specific for diagnosing atrial 
septal defects. Patients with such defects have been 
studied with two dimensional echocardiography.190-104 


In some patients with an ostium primum defect, the 
atrial septal defect and cleft mitral leaflet were clearly 
visualized. In some patients with an ostium secundum 
defect, right atrial and ventricular enlargement was 
present. Contrast injection of indocyanine green dye can 
enhance the two dimensional diagnosis of atrial septal 
defect.!94 In patients with atrial septal defect and left 
to right shunt, minimal amounts of contrast agent 
crossed the defect into the left atrium. In others, a 
contrast-free area appeared in the right atrium at the 
site of the atrial septal defect. This negative contrast 
shadow occurred as a result of blood flow from the left 
to right atrium washing out the effect of the dye that 
was present in the right atrium. 


Conclusions 


Two dimensional echocardiography is extremely 
helpful in the diagnosis of cardiac disorders in adults. 
Its use in assessing congenital heart disorders in chil- 
dren has been widely acclaimed. In some instances more 
information and data will be derived with two dimen- 
sional than with M mode echocardiography. However, 
the two methods should not be viewed as mutually ex- 
clusive but rather as complementary. With newer de- 
signs and modifications, including digital scan conver- 
sion and Doppler flow capabilities, two dimensional 
echocardiography may provide better images and more 
information. 
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‘Today antihypertensive therapy has 
gone beyond the empirical addition of one 
drug to another. Todays clinician looks for 
agents that coordinate their action for 
smoother, more effective control. 

A prime example is increasing use 
of the Apresoline/beta-blocker/diuretic 
regimen in moderate-to-severe hyperten- 
sion. Beta blockers, though effective and 
generally well tolerated, do not lower the 
high peripheral resistance found in 
virtually all long-standing hypertension. 
As a vasodilator, Apresoline deals directly 
with the problem. It can decrease total 
peripheral resistance by more than 6096. 

Beta blockers, on the other hand, 
specifically reduce cardiac output, which 
tends to rise through reflex action with 
Apresoline therapy, while diuretics 
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therapeutic performance... . 


Harmonizing with the 
antihypertensive life-style 


The Apresoline/beta-blocker/diuretic 
regimen is relatively free of serious side- 
effect problems that interfere with daily 
living. 

As the only therapeutic action of 
Apresoline is its direct arteriolar vasodi- 
lator effect, it avoids many distressing side 
effects. Sexual dysfunction, drowsiness, 
lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 
These side effects are usually also avoided 
with a beta blocker. 

Accompanying a fall in blood 
pressure from Apresoline is an increase in 
cardiac rate and output. Apresoline also 
maintains or increases renal and cerebral 
blood flow. As with any antihypertensive 
agent, use with caution in patients with 
advanced renal damage. Contraindicated 
in coronary artery disease. 
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Please turn page for brief prescribing information. 
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Apresoline® hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
Cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 





Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus. 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
Cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The "hyperdynamic* circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop. 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 

The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthma) 








~ Apre 


in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However. in 
some cases it may be necessary to discontinue the 
drug. 

Common: Headache; palpitations; anorexia: 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris. 

Less frequent: Nasal congestion; flushing; lacrima- 
tion; conjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema: 
dizziness; tremors; muscle cramps; psychotic reac- 
tions characterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin - 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea; paralytic ileus: 
lymphadenopathy; splenomegaly; blood dys- 
crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response. 

DOSAGE AND ADMINISTRATION 

Initiate therapy in gradually increasing dosages; 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 

The incidence of toxic reactions. particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline 

In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide. reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 
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Consult complete product literature before 
prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Extending the advantages 
of beta-blocker and 
diuretic antihypertensives 
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How to keep a close watch with your back turned. 


Machines don t save lives, 
people do. And our Lifepak* 6 
ye defibrillator/monitor is conceived 
iad and built with one goal in mind— 
to help you deal successfully with 
critical cardiac emergency. 

It functions as your partner. 
lt watches constantly, unblinkingly. 
It feeds you information visibly on 
the digital rate meter, on the scope 
and on the recorder. It audibly tells 
you what's happening through the 
QRS beeper and high and low rate 
alarms. If there's trouble —fib- 
rillation — you hear about it the 
moment it happens. And the 
Lifepak 6 is ready to help you deal 
with it. Large, color-coded function 
buttons. Clear instructions. Simple 
controls. 

You see, no other company in 
the world has had more experience 
with emergency defibrillation. And 
being as close to the field as we 
are, we have the keenest possible 
appreciation for the situation in 
which our devices are employed. 
Machines don't save lives, people 
do. And people dealing with car- 
diac emergencies need all the help 
they can get. That's why the design 
of our machines, the engineering 
of our machines, and the servicing 
of our machines is absolutely the 
finest. Count on it. 


Only Physio-Control 





Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 
(206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 


„m IOO 


Arrhythmia Analyzer 
EEE 
VE fu 











Dynamis 


Electrocardioss: anner 
tet dI 


erdt 


— — 


"M ess 








THE TRENDSETT 


A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
IMPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. - 








SCAN REEL-TO-REEL, CARTRIDGE, 
OR CASSETTE RECORDINGS. 
[he Trendsetter handles ail. 


JETECT ARRHYTHMIAS WITH 

JNPARALLELED ACCURACY. 

‘he system's Arrhythmia Analyzer is "operator-taught" 
o recognize each patient's unique normal and variant 
vaveforms, and to compare all subsequent waveforms 
o the learned patterns. The Analyzer then categorizes 
ind counts all such waveforms— making arrhythmia 
letection precise and specific for each patient. 


fe DUCE PROCESSING TIME 

ITH NEW X240 SCANNING SPEED. 
selectable scan speeds of X240, X120 or X60 provide 
he operator with a speed-control range to assist in gen- 
rating comprehensive reports rapidly —all with com- 
lete accuracy. 


iVALUATE AMBULATORY ECG, BLOOD 
'RESSURE, AND PACEMAKER RECORDINGS 
VITH A SINGLE INTEGRATED SYSTEM. 

he Trendsetter learns, examines, tabulates, 

nd formats reports of all recorded data. 
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EL MAR AVIONICS 


| Avenue at Red Hill, Irvine, CA 92714 
(714) 549-1500 Telex 68-5621 


or more information, call any one of our Corporate Sales and Service Offices: 


LANTA (404) 952-0612 JALLAS (214) 350-5881 "LAS VEGAS (702) 876-1915 
LTIMORE (301) 561-0990 DENVER (303) 344-5101 LONG ISLAND (516) 482-7690 
STON (617) 942-0230 DETROIT (313) 559-686 LOS ANGELES (213) 640-2282 
HARLOTTE (704) 373-1206 * EDISON, NJ (201) 548-660 MIAMI (305) 981-0405 
HICAGO (312) 956-652! HOUSTON (713) 692-3122 MINNEAPOLIS (612) 941-603 
INCINNATI (513) 874-8600 * JACKSONVILLE (904) 642-1694 NEW ORLEANS (504) 837-751 
LEVELAND (216) 866-4063 KANSAS CITY (816) 373-1117 NEW YORK (203) 966-456C 


Factory authorized representatives 


SELECT REPORT FORMATS TAILORED TO 

YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 
patient: 


B Trend records of heart rate 
B ST segment level and blood pressure 
B 2-channel ECG documentation 


m Hourly tabulations of ECG activity, pacemaker activity 
and blood pressure 


a Graphic/histographic charts of recorded data 
m Any combination you predetermine 


+ 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 


"OKLAHOMA CITY (405) 677-3369 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 563- 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349.9102 

"SALT LAKE CITY (801) 268-1997 (Avonix B) 


March 1980, Del Mar Avionics 
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In the shock syndrome: 


Selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 


Intropin (dopamine HCI) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.’ Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 


it... American Critical Care 
$$$: (formerly Arnar-Stone Laboratories) 
"' Division of 
American Y Supply Corporation 
McGaw Park IL 6008 


©1980 American Critical Care 


See following page for brief summary of prescribing information. 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand. has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine's alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect.? Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.? The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systernic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
bloód flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

1. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med., 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975, 


INTROPIN (dopamine HCI) 


A113 


~ INIHUPFIN (dopamine HCl) 
FOR IV INJECTION: 

5 ml AMPUL 

5 ml ADDITIVE SYRINGE (Rap-Add") 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, odorless, 
crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, alkalis, 
iron salts and oxidizing agents. 5 m/ ampul and 5 ml additive syringe (Rap-Add ): Each ml of 
sterile, non-pyrogenic INTROPIN contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg 
of dopamine base) in Water for Injection, USP containing 1% sodium bisulfite as a preservative. 


INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal failure, 
and chronic cardiac decompensation as in congestive failure 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs 
by which adequacy of vital organ perfusion can be monitored. The physician should also 
observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage. Note that at doses above those optimal for the individual 
patient, urine flow may decrease, necessitating reduction of dosage. Concurrent administra- 
tion of INTROPIN and diuretic agents may produce a potentiating effect. 


Low Cardiac Output — Increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
associated with either static or decreased systemic vascular resistance (SVR) and appears 
to be related to a favorable prognosis. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR as may occur with isoproterenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN, which have little effect on SVR. At high 
therapeutic doses, the drug's alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN will require 
substantially reduced dosage (1/10 the usual starting dose) 


Usage in Pregnancy — INTROPIN may be used in pregnant patients when. in the judgment 
of the physician. the expected benefits outweigh the potentia! risk to the fetus 


Usage in Children — The safety and efficacy of INTROPIN for pediatric use has not been 
established. 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should 
be fully corrected, if possible, with either whole blood or plasma as indicated 


Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (ie. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preferred to veins in the dorsum of the hand or ankle. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for 
example, atherosclerosis, arterial embolism, Raynaud's disease, cold injury. diabetic 
endarteritis, and Buergers disease) should be closely monitored for any changes in color 
or temperature of the skin in the extremities. 


IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needie should be 


used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 


Careful Monitoring Required—As in the case of any adrenergic agent. infusion of 
INTROPIN should be accompanied by close monitoring of urine flow, cardiac output and 
blood pressure. 


ADVERSE REACTIONS: The most frequent include ectopic beats, nausea, vomiting, tachy- 
cardia, anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction, bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


WARNING: This is a potent drug — must be diluted before administration to patient. 


OVERDOSAGE: In case of accidental overdosage. as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since the drug's duration of action is quite short, no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition, 
use of the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 


CAUTION: Federal law prohibits dispensing without a prescription Full directions for use 
should be read before administering or prescribing. January 1980 
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Announcing the 
comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 








THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 


Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 


Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel Aviv— 
Sackler School of Medicine. 


Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 


The Pre-Excitation Syndrome. Here are just a few reasons why 


this is so essential: 


|] V5 of all pre-excitation cases are misdiagnosed. 

[] 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

(] In ' of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

(] V4to '? of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is broght a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson-White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology." 


Thomas N. James, MD 


The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 


ham, and Physician-in-Chief, University of Alabama Hospitals. 
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Yorke Medical Books, 666 5th Ave., P.O. Box 876, N.Y., N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYNDROME at 
$33.00. I may use the book for 30 days and if not completely 
satisfied, return it for full credit or refund. 

|} Bill me plus cost of shipping 

|} Payment enclosed, publisher pays for shipping 

[] Charge my credit card 


|] Master Charge |] Visa 

Card No. . Expire Date 
NAME 14 — 
ADDRESS 
CITY Syl | ope | 


New York residents add sales tax. Outside Western Hemisphere prepay in U.S. 
funds or charge to credit card and add $5.00 per copy. AJC-5/80 


y 


x 


ua 


” 


VALID REASONS 

_ VAY YOU Sa 
HAVE MAD COLOR 
VIDEO DATA SYSTEIVIS 
FOR YOUR ILCU-CCU. 
NURSE'S STATION 


MIDWEST 


- DIGITAL. Howard Young Medical Center 16 Bed I.C.U.-C.C.U., Woodruff, Wisconsin 





FEFE ote ee THAT 
MLA.D. DELIVERS MORE 
FOR LESS THAN ANY 
OTHER SYSTEM! 


Never Obsolete! The origi- 
nally installed equipment al- 
ways remains the same. Only 
the program need be inex- 
pensivelychanged if you want 
to update your present capa- 
bilities. 

Connects with any bedside 
equipment you already have 
or wish to change to in the 
future. Connects with little 
or no modification of either 
our system or your bedside 
equipment. 


Works independently of read- 
outs and alarms of bedside 
equipment to give you a dou- 
ble check of accuracy. 


Cursor feature provides op- 
portunity for waveform exam- 
ination: time intervals within 
ECG's and pressure traces; 
specific values of pressures 
or trends; mean, maximum 
and minimum values of pres- 
sures within selected in- 
tervals. 


Color coded, non-fade patient 
trace, numbers, and text all 
shown on the same screen. 





Displays ECG’s, 
blood pressures, 
tures, respiration, cardiac 
output, arrhythmia rate and 
trend, for each patient, coded 
in color, all on the same 


multiple 
tempera- 


screen. 


Special automatic arrhythmia 
recording is assignable to 
any and all patients. 


Alarm interrupts both manual 
and automatic recording. 
Equipment resumes original 
recording after alarm. 


High and low alarm thresh- 
olds digitally set for a// param- 
eters. 


3712 09:33:31 RAD ICU 


Shows both alarms and near 
alarms in different special 
colors independent of bed- 
side equipment. 


Alarm gives you special alarm 
colors, flashing readout, au- 
dible alarm and automatic 
chart recording. Standby 
mode does not shut off alarm 
color change. 








Easy to use keyboard. Looks 
like a typewriter. Works likg 
a hand calculator. Workine 
knowledge can be gained i 
15 minutes. 
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Trending, both short and long 
term is fully automatic anq 
versatile. Done on all param 
eters, analyzed with digit 
precision and hard copied. 


The screen shows you eve 
thing! You can get accurate 
readings of the Systolic, Di 
astolic and Mean pressure 
from a screen for any and al 
patients all the time. 


p to 8 parameters and 8 
digital readouts per channel 

ay be assigned to any pa- 
ient. Can examine up to 64 
parameters and readouts on 
bur typical two screen (8 pa- 
ient) system. 
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Accurate grid may be dis- 
played behind traces for visu- 
confirmation of calibrations. 


races can be enlarged or re- 

Juced or positioned any- 
vhere on the screen. Calibra- 
ion and baseline identifi- 
ation are never lost even 
hough traces are manipu- 
ated. 


opyright, 1978 by MIDWEST ANALOG & DIGITAL, INC. All rights reserved. 


Clean, simple display. Only 
the required data need be 
displayed. 
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Any trace, including pres- 
sures, can be cascaded to any 
other available screen space. 
Color coding is automatic. 


The M.A.D. system is a pre- 
programmed computer sys- 
tem customized to fit your 
needs. It is lower in price 
than non-computerized sys- 
tems of far less capability 
that are limited in their abil- 
ity to be updated without 
adding more modules. 


Automatically prints patient's 
name, doctor's name, time 
and date onto chart record- 
ing. All parameter values for 
that patient are also printed. 
Annotates every ten seconds 
with up-to-date printed read- 
outs while recorder is running 
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A patient with idiopathic hypertrophic subaortic stenosis (90 mm Hg 
resting intraventricular gradient) and discrete subaortic stenosis was found 
to have two separate systolic closing movements of the aortic valve on 
M mode echocardiography, each movement being associated with a 
separate systolic ejection murmur. The first closing movement occurred 
early in systole and was attributed to alterations in flow across the discrete 
stenosis. The second closing movement coincided with a later systolic 
murmur and systolic anterior motion of the mitral valve. This case supports 
the concept that timing of early closing movements of the aortic valve is 
useful in the diagnosis of subvalvular obstruction. 


The pattern of motion of the aortic valve during systole can provide in- 
formation of importance in differentiating between discrete subaortic 
stenosis and idiopathic hypertrophic subaortic stenosis. In the former, 
an early systolic closing movement is evident in the aortic valve M mode 
echocardiogram, whereas in the latter a mid systolic closing movement 
is seen. 1? This distinction becomes especially important when the nature 
of the obstructive disease is obscure or when discrete subaortic stenosis 
and idiopathic hypertrophic subaortic stenosis coexist. Such cases have 
previously been reported. :?-5 

We recently examined a patient who was found to have both idiopathic 
hypertrophic subaortic stenosis and discrete subaortic stenosis, the latter 
attributable to a subvalvular diaphragm. The aortic valve echocardio- 
gram demonstrated two distinct systolic closure movements that were 
simultaneous with the onset of two distinct murmurs. The second 
murmur coincided with onset of systolic anterior motion of the mitral 
valve, a finding consistent with a diagnosis of idiopathic hypertrophic 
subaortic stenosis. However, the carotid pulse tracing was more typical 
of valvular or subvalvular obstruction. This disparity of noninvasive 
findings prompted us to consider whether our patient had both sub- 
valvular abnormalities. 


Case Report 


A 15 year old boy was evaluated for chest pain and fatigue with exercise. A 
heart murmur had been first noted at age 3 months. Examination revealed 
sustained movement at the cardiac apex, a large A wave of the apical impulse 
typical of left ventricular hypertrophy and a systolic thrill at the left sternal 
border. A loud, harsh mid systolic murmur was heard over the entire precordium 
and a soft diastolic blow was heard at the lower sternal border. No ejection click 
was detected. The chest roentgenogram revealed left ventricular prominence 
and the electrocardiogram showed marked left ventricular hypertrophy and an 
intraatrial conduction delay. | 
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Phonocardiograms taken simultaneously from two loca- 
tions on the chest wall revealed two separate ejection mur- 
murs (Fig. 1). The first murmur peaked early in systole and 
was loudest at the upper left sternal edge. The second murmur 
was mid systolic and loudest at the lower sternal edge. The 
carotid pulse tracing showed a slow upstroke marked by coarse 
vibrations and a late peak, typical of valvular or subvalvular 
obstruction. The apical pulse was sustained, with a large A 
wave. 

Echophonocardiography, performed by standard tech- 
nique from the left sternal edge (Fig. 2), showed systolic an- 
terior motion of the mitral valve coinciding with the onset of 
the second, later peaking systolic murmur. The septum was 
disproportionately thickened in comparison with the left 
ventricular free wall. This asymmetric septal hypertrophy, 
in the presence of systolic anterior motion of the mitral valve, 
was diagnostic of idiopathic hypertrophic subaortic ste- 
nosis. 

The aortic and mitral valves were studied with dual 
echocardiography, which permits the simultaneous obser- 
vation of two intracardiac structures in addition to other 
acoustic or pulsatile phenomena.® The aortic valve echogram 
(Fig. 3) revealed two separate closing movements during 
systole: The first was typical of the abrupt early systolic clo- 
sure that has been found in association with discrete subaortic 
stenosis,!-?? whereas the second was characteristic of mid 
systolic closure associated with idiopathic hypertrophic 
subaortic stenosis.'9-19 The first closure occurred 0.05 secon 
after aortic valve opening and was coincident with the be- 
ginning of the early peaking systolic murmur and with the 
slow-rising “fractured” carotid pulse. After the initial rapid 
opening of the aortic valve, the valve leaflets maintained a 
partially closed position, demonstrating fine vibrations until 
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FIGURE 1. Simultaneous phonocardiogram (PCG) at the pulmonary area 
(PA) and left sternal edge (LSE) with carotid pulse tracing and electro- 
cardiogram (ECG). Time lines in this and other figures are 0.04 second 
apart. An early peaking systolic ejection murmur is seen at the pul- 
monary area. The first and second heart sounds are soft and the carotid 
upslope is slow with a “fractured” shape. The carotid pulse has a 
second hump late in systole, which is typical of idiopathic hypertrophic 
subaortic stenosis. The tracing suggests left ventricular outflow tract 
obstruction of either valvular or subvalvular origin. 





the second partial closing, which occurred 0.23 second after 
the initial aortic valve opening. This second closing movement 
was associated both with systolic anterior motion of the an- 
terior mitral valve and with the second, later-peaking systolic 
murmur. 

At cardiac catheterization, cardiac output was found to be 
normal at 4.6 liters/min per m? with no intracardiac shunts 
detected. No pressure gradient was noted across the aortic 
valve, but a small pullback gradient of less than 10 mm Hg was 
noted in the area just below the valve. However, a 90 mm Hg 
gradient was noted between the left ventricular apex and the 
outflow tract, indicating that idiopathic hypertrophic sub- 
aortic stenosis was the major lesion. 

Biplane angiography of the left ventricle revealed a dis- 
crete subaortic ring, a small left ventricular cavity with a high 
ejection fraction and systolic anterior movement of the mitral 
valve as well as severe outflow tract obstruction due to septal 
hypertrophy. The subaortic ring was visualized most clearly 
during diastole in the steep left anterior oblique cineangio- 
gram (Fig. 4). A cineangiogram in the left lateral projection 
(Fig. 5) did not provide a clear view of the ring but did show 
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FIGURE 2. Simultaneous phonocardiogram (PCG) at the aortic area (AA) 
and mitral area (MA), electrocardiogram (ECG) and echocardiogram 
of the anterior mitral valve obtained with standard technique. The 
end-diastolic septal thickness is about 28 mm with a simultaneous 
posterior wall thickness of 10 mm (ratio 2.8: 1). In late systole, systolic 
anterior motion (SAM) of the mitral valve (MVE) occurs when part of 
the mitral valve apparatus abuts on the left septum. The murmur re- 
corded at the mitral area (PCG-MA) coincides with onset of systolic 
anterior motion. 
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the anterior leaflet of the mitral valve abutting on the septum 
during systole. This view also revealed the very small size of 
the left ventricular cavity during systole. Although the aortic 
root was dilated and asymmetric, presumably because of the 
jet effect of the subaortic ring, the aortic valve cusps were of 
normal thickness and moved well. Minimal aortic insuffi- 
ciency was present. No right ventricular outflow tract ob- 
struction was seen. 

The patient was treated with propranolol, resulting in al- 
leviation of symptoms. However, 9 months later bacterial 
endocarditis developed with severe aortic insufficiency and 
the patient required prosthetic valve surgery. At operation 
the aortic valve cusps had vegetations with perforations, but 
were otherwise normal. The presence of both a subvalvular 
obstructing membrane and severe septal hypertrophy was 
confirmed. A myomectomy was performed. The subsequent 
course has been one of steady improvement. 


Discussion 


Early systolic versus mid systolic aortic valve 
closure: This case lends support to previous reports? 
that conclude that the timing of early aortic valve clo- 
sure is of importance in both diagnosing and differen- 
tiating between types of subaortic obstruction. These 
reports have shown that early systolic closure due to 
discrete subaortic stenosis occurs 0.05 + 0.01 second 
after aortic opening and is not related to the magnitude 
of outflow gradient at catheterization.? Several reports 
describe patients with discrete subaortic stenosis who 
continue to have early systolic closure after complete 
resection of the subvalvular membrane.!!:? In contrast, 
mid systolic closure attributed to idiopathic hypertro- 








FIGURE 3. Simultaneous echocardiograms of aortic valve (AVE) and 
mitral valve (MVE) with electrocardiogram and phonocardiograms (PCG) 
from the pulmonary area (PA) and mitral area (MA). The aortic valve 
leaflets (top of tracing) are thin and pliable and open widely in early 
systole. An early systolic closing movement (first arrow) occurs 0.05 
second after valve opening and coincides with a murmur at the pul- 
monary area. There is a coarse flutter of both leaflets after this move- 
ment. Later in systole (second arrow) a second closing movement 
occurs that is associated with systolic anterior motion (SAM) in the mitral 
valve echocardiogram and a murmur at the mitral area. This dual 
echocardiogram is recorded from the left sternal edge using two 
transducers.® 





FIGURE 4. Steep left anterior oblique cineangiogram of the left ventricle during diastole. Left, unretouched frame with arrows added for reference. 
Right, for improved clarity the tracing of the left ventricle is superimposed. During late diastole the aortic valve leaflets (upper set of arrows) are 
closed. Just below the aortic valve plane is a ringlike band (lower set of arrows), which replaces the contrast medium in the ventricle. 
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FIGURE 5. Cineangiogram of the left ventricle in left lateral projection 
during systole. The left ventricular catheter is in the small area between 
the subaortic ring (poorly visualized in this projection) and the aortic 
valve plane. The left ventricular cavity is small and the anterior mitral 
valve leaflet abuts the septum during systole. 


phic subaortic stenosis is usually not seen unless a gra- 
dient exists across the outflow tract, either at rest or 
after provocation with the Valsalva maneuver, amyl 
nitrite or isoproterenol.'? This type of closure occurs 
later in systole than that attributable to discrete sub- 
aortic stenosis, usually 0.14 + 0.04 second after aortic 
opening. There appears to be no strong correlation be- 
tween the timing of closure and the magnitude of the 
outflow gradient.! 

Alterations of flow through proximal and disfal 
subaortic obstructions: The interpretation of hemo- 
dynamic events in a patient with combined idiopathic 
hypertrophic subaortic stenosis and discrete subaortic 
stenosis is complicated by the probability that alteration 
of flow by passage through the more proximal of these 
subaortic obstructions (idiopathic hypertrophic sub- 
aortic stenosis) no doubt alters the effects of the more 
distal one (discrete subaortic stenosis). Although the 
timing of the first systolic closure movement in our 
patient was typical of that of discrete subaortic stenosis, 
the second closure movement, which we attribute to 
idiopathic hypertrophic subaortic stenosis, occurred 
later in systole than has usually been reported. In ad- 
dition, the initial rapid carotid upstroke typical of id- 
iopathic hypertrophic subaortic stenosis was not noted 
on the carotid pulse tracing. We believe that these 


findings are attributable to the presence of the subaortic 
membrane, which caused a decrease in aortic flow ve- 
locity early in systole. 

Effect on flow velocity across the aortic valve: In 
patients with idiopathic hypertrophic subaortic ste- 
nosis, a correlation has been found to exist between 
velocity of flow in the aorta and motion of the aortic 
valve.!? Rapid early systolic flow velocity across the 
aortic valve causes wide aortic leaflet separation and a 
period of very rapid ejection. In these patients, 80 per- 
cent of the stroke volume is ejected in the first half of 
systole, compared with 57 percent in normal subjects.!* 
This period of rapid ejection is followed by the occur- 
rence of outflow tract obstruction caused by the hy- 
pertrophied septum and temporally related to systolic 
anterior motion of the mitral valve. At this point, aortic 
flow velocity decreases, allowing the cusps of the aortic 
valve to drift shut, thus resulting in mid systolic closure. 
These dynamic events are reflected in the carotid pulse 
tracing by an initial rapid carotid upstroke in early 
systole followed by a more gradual downslope. 

A fundamental difference between idiopathic hy- 
pertrophic subaortic stenosis and discrete subaortic 
stenosis is that the latter is a fixed obstruction in- 
fluencing the aortic valve and carotid pulse early in 
systole, whereas the former is a dynamic obstruction 
whose effects are seen later in systole. It follows that 
when both are present in one patient, the events asso- 
ciated with idiopathic hypertrophic subaortic stenosis 
may be altered by the discrete subaortic stenotic ob- 
struction. We believe that in our patient the presence 
of the subaortic membrane brought about a decrease in 
aortic flow velocity that both blunted the initial rapid 
carotid upstroke and delayed the mid systolic closure 
of the aortic valve. Therefore, despite the atypical he- 
modynamic findings, we concluded that both types of 
subaortic obstruction were present. 

The presence of the two systolic murmurs also ap- 
pears to be consistent with this conclusion. Despite the 
absence of a large gradient, we believe that the early 
peaking murmur is the result of turbulent flow across 
the fixed subaortic orifice. This murmur may have been 
further accentuated by the rapid ejection of blood from 
the hypertrophied ventricle. The second, late peaking 
murmur coincided with systolic anterior motion of the 
mitral valve, a finding consistent with a diagnosis of 
idiopathic hypertrophic subaortic stenosis. 

Implications: This case reemphasizes the impor- 
tance of paying special attention to early systolic closure 
movements of the aortic valve because of the possibility 
of detecting two causes of outflow obstruction. All 
available data, including pulse tracings, apex motion, 
murmurs and echocardiographic studies, may be prof- 
itably correlated in arriving at a rational diagnosis by 
noninvasive methods. 
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Three patients with unusual complications after insertion of an epicardial 
pacemaker are described. In one patient pericarditis and severe cardiac 
tamponade developed that required emergency pericardiocentesis 8 
weeks after pacemaker insertion. No evidence of myocardial perforation 
was observed at operation. In another patient two unusual complications 
developed: (1) migration of the pulse generator from the epigastric site 
of implantation into the pelvis, and (2) recurrent pericarditis with occult 
signs of constriction. In another patient recurrent pericarditis and clinical 
evidence of constriction developed. All three patients required pericar- 
diectomy. Recurrent pericarditis after insertion of an epicardial pacemaker 
requires careful medical follow-up because either life-threatening tam- 
ponade or chronic constrictive pericarditis may develop. 


The safety and efficacy of permanent cardiac pacing has been well 
substantiated by previous reports.!-5 However, several unusual com- 
plications associated with permanent epicardial pacing can occur, as 
demonstrated by the three patients described herein. Life-threatening 
cardiac tamponade due to pericarditis developed in one patient and 
recurrent pericarditis with early signs of constriction in two others. In 
addition, the pulse generator migrated from the epigastric implant site 
into the pelvis in one patient. 


Case Reports 


Case 1 


A 26 year old man with a history of repeated dizzy and syncopal episodes owing 
to chronic sinus bradycardia and sinus arrest underwent insertion of a permanent 
transvenous pacemaker (Medtronics model 5972) in February 1977. The original 
symptoms recurred because of catheter dislodgment, and in February 1978, 
sutureless epicardial electrodes (Medtronics model 6917-35A) were implanted 
in the right ventricle using a subxiphoid approach. Postoperative convalescence 
was without complications except for mild pericarditis that resolved without 
specific therapy. Approximately 4 weeks after discharge from the hospital, the 
patient was seen in the pacemaker follow-up clinic and complained of pleuritic 
chest pain but denied an intervening history of a viral illness, exposure to tu- 
berculosis or chest trauma. 

Physical examination revealed normal vital signs, mild jugular venous dis- 
tension and no audible pericardial or pleural friction rub. No cardiomegaly could 
be seen in the chest roentgenogram (see Fig. 2A). The patient was admitted to 
the hospital but soon left against medical advice. Four weeks later, he was ad- 
mitted on an emergency basis because of progressive weakness, dyspnea and 
severe pains in the upper abdomen. Peripheral and jugular veins were markedly 
distended. Systemic blood pressure was 80 mm Hg, abnormal pulsus paradoxus 
(30 mm Hg) was present, and a triphasic pericardial friction rub was audible. 
'The electrocardiogram revealed regularly paced ventricular rhythm with elec- 
trical alternans (Fig. 1). The chest roentgenogram showed marked enlargement 
of the cardiac silhouette (Fig. 2B). An emergency pericardiocentesis yielded 2,600 
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ml of straw-colored fluid and resulted in prompt resolution 
of the hemodynamic and electrocardiographic abnormalities 
(Fig. 1B and 2C). However, signs of cardiac tamponade over 
the next 18 hours gradually recurred, necessitating thora- 
cotomy and limited resection of the pericardium. No com- 
plications occurred in the postoperative period. The peri- 
cardial fluid proved to be a transudate, and cultures of the 
pericardium and its effusion failed to grow bacteria (including 
acid-fast organisms) or fungi. Histologic sections of the peri- 
cardium were interpreted as showing nonspecific chronic in- 
flammatory changes. The patient's subsequent course has 
been entirely uneventful. 


Case 2 


A 24 year old woman was admitted to the hospital in April 
1978 because of chest pain and fever and a weight loss of 2 
months' duration. A permanent pacemaker (CPI Bipolar 
D401-DD0318 demand pulse generator and Medtronics 
[model 6119] sutureless epicardial electrodes) had been im- 
planted epicardially at another hospital 4 years earlier alleg- 
edly because of suspected type II second degree atrioven- 
tricular block, although review of the records from that hos- 
pitalization failed to substantiate that diagnosis. Physical 
examination revealed a three component pericardial friction 
rub. The electrocardiogram revealed sinus tachycardia (rate 
110 beats/min) with a pacemaker discharge rate of 96 beats/ 
min; neither ventricular capture nor sensing was present. 
Salicylate therapy resulted in no symptomatic improvement 
and indomethacin produced unacceptable side effects. After 
prednisone (60 mg/day orally) was substituted, fever and chest 
pain subsided, but sinus tachycardia persisted and the jugular 
venous pressure became elevated. The chest pain and fever 
promptly recurred whenever attempts were made to taper the 
drug dosage gradually. 

Finally, in August 1978, a medial sternotomy was per- 
formed, and the pacemaker leads and battery box were re- 
moved rather than replaced because of the unclear indications 
for initial pacemaker insertion and the total absence of 
symptoms. The pericardium was thickened, shaggy and 
tightly adherent to and compressing the myocardium; a total 
pericardiectomy was accomplished without complications. 
Microscopic examination of the pericardial tissue revealed 
dense fibrosis. Postoperatively, the sinus tachycardia and 
elevated jugular venous pressure disappeared and the chest 
roentgenogram showed only mild enlargement of the cardiac 
silhouette. Fever subsided completely and only minimal chest 
pain persisted. The patient was discharged and has had no 
complications or increase in chest pain during the last 9 
months. 


Case 3 


A 31 year old woman with an 8 year history of repeated 
episodes of dizziness and syncope due to prolonged sinus 
pauses was referred for insertion of a permanent cardiac 
pacemaker in November 1977. Two sutureless Telectronics 
myocardial electrodes were implanted in the right ventricle 
using a subxiphoid approach. A Telectronics (model 140B) 
demand pulse generator was connected to one of the myo- 
cardial electrodes and implanted deep to the rectus abdom- 
inus muscle in the subxiphoid area. At the time of surgery, the 
current and voltage thresholds were 3.2 mA and 1.2 V, re- 
spectively. The amplitudes of the sensed R wave voltages from 
the myocardial electrodes were 7.4 and 6.9 mV. (These vari- 
ables were determined by a Medtronics model 5300 pacing 
system analyzer.) 

The postoperative course was complicated by pericarditis, 
and the sensing function of the pacemaker failed, although 
consistent ventricular capture was present (Fig. 3). Sensing 
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FIGURE 1. Case 1. Electrocardiographic strips obtained before and after 
pericardiocentesis. A, standard modified V4 (MCL,) lead showing a 
paced ventricular rhythm with electrical alternans. B, after pericardi- 
ocentesis, electrical alternans has disappeared. 


malfunction persisted despite resolution of the pericarditis, 
and no fluid was apparent in the generator pocket. Six weeks 
after operation, thoracotomy was repeated and residual per- 
icarditis was found. Both current and voltage thresholds were 
unchanged, but sensed R wave voltages from the epicardial 
leads were between 1 and 2 mV. Two new Medtronics myo- 
cardial electrodes (model 6917A) were inserted at different 
sites in the right ventricle, and the electrode showing the 
greatest R wave voltage (2.4 mV) was connected to a Med- 
tronics (model 5951AD) low threshold demand unipolar 
generator (sensing threshold 1.2 mV). After appropriate 
pacing and sensing were established, the new generator was 
implanted in the original site (Fig. 4A). In the immediate 
postoperative period, sensing malfunction recurred, but be- 
cause appropriate capture was present and the patient was 
free of symptoms it was decided not to reoperate. 

Two months after the second operation, the patient noted 
twitching of the upper abdominal muscles. Over the next 2 
weeks, episodes of contractions of the lower abdominal mus- 
cles together with twitching of both legs occurred; the patient 
noted that lying on either side resulted in twitching of the 
ipsilateral leg. Roentgenograms of the abdomen revealed that 
the impulse generator had migrated into the pelvis (Fig. 4, B 
and C). The abdominal incision was reopened and the gen- 
erator was retrieved from the pelvis by means of gentle trac- 
tion on the electrode wire and removed. Pericarditis again 
developed but responded to oral steroid therapy. 

During the next 6 months, the patient experienced recur- 
rent disabling, pericardial pain that responded to large doses 
of corticosteroids but recurred when the dosage of these drugs 
was decreased. Serial echocardiographic studies revealed 
progressive thickening of the pericardium. Cardiac cathe- 
terization with volume loading showed signs of occult con- 
strictive pericarditis® (Table I, Fig. 5 to 7). In October 1978, a 
thoracotomy was performed and the pericardium was found 
to be markedly thickened but not adherent to the epicardium. 
Complete pericardial stripping was carried out and the ven- 
tricular electrodes were removed. A Medtronics (model 
5815-35) atrial electrode was sutured to the right atrial ap- 
pendage and connected to a specially designed CPI lithium- 
powered (model 0505), programmable low sensing (0.8 mV 
threshold) pulse generator. The pulse generator was enclosed 
in a Parsonnet pouch and reinserted into the original site of 
implantation. Atrial capture was achieved at an acceptable 
threshold (1.7 V, 2.5 mA), and the atrial depolarization was 
measured at 5.4 mV, which allowed for normal function of the 
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sensing (demand) mode. The patient has had no complications 
or clinical evidence of pericarditis during the subsequent 
months. 


Discussion 


Permanent pacemaker systems are considered safe 
and effective for patients with symptomatic bradyar- 
rhythmias.’ Commonly encountered pacemaker system 
failures include electrode displacement or premature 
battery failure.’ Other less commonly described 
complications include myocardial perforation, infection 
of the generator pocket and fracture of the lead wire. 


ex 
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Our three patients had very unusual complications that 
bear emphasis because the epicardial approach for 
pacemaker lead insertion is an accepted alternative 
approach to the transvenous route. 
Postpericardiotomy syndrome and cardiac 
tamponade: Endocardial pacing failed in Patient 1 and 
led to insertion of epicardial leads. Early postoperative 
pericarditis resolved without specific therapy. The 
clinical course was further complicated by development 
of the postpericardiotomy syndrome and subsequent 
cardiac tamponade. Although cardiac tamponade oc- 
curring after the postpericardiotomy syndrome has 





FIGURE 2. Case 1. Chest roentgenograms obtained before (A) and 
during pericarditis and tamponade (B). Note the marked enlargement 
of the cardiac silhouette in B. C, obtained after pericardiocentesis and 
introduction of 100 cc of air into the pericardium. Note the space 
(arrow) between pericardial and cardiac silhouette. 
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previously been reported,!?:!! to our knowledge this is 
the first report of its occurrence after epicardial pace- 
maker implantation. Other investigators!? have re- 
ported the occurrence of cardiac tamponade after 
myocardial perforation with either endocardial or epi- 
cardial electrodes. At the time of pericardiectomy, no 
evidence of myocardial perforation was detected in 
Patient 1. This case is instructive in that patients 
undergoing epicardial electrode insertion must be fol- 
lowed up carefully for late development of pericarditis 
and the attendant hazard of cardiac tamponade. This 
is especially important with the increasing use of long- 
lived generator units and the consequent tendency to 
follow-up these patients at less frequent intervals. 


Pericarditis and pacemaker generator migration: 


Patient 3 had two unusual complications. At the time 
of her second operation, epicardial R waves recorded 
from four different right and left ventricular sites (using 
an alligator clip in the subcutaneous tissue as the in- 
different electrode) had greatly diminished voltage with 
resultant inadequate sensing in spite of use of a low 
threshold sensing unit. We ascribed this finding to the 
severe pericarditis with epicardial and possibly myo- 
cardial damage, resulting in diminution of the resultant 
R wave voltage. It would be difficult to ascribe dimin- 
ished sensing to the indifferent lead (on the pacemaker 
generator) because the identical problem was encoun- 
tered using two different pacemaker generators. 

Even more bizarre was the development of upper 
abdominal twitching and subsequent rhythmic 
twitching of the dependent side of the lower abdomen 
and lower leg. The migration of the pacemaker was 
probably initially related to contact of the anode with 
upper abdominal skeletal muscles. 'T'he resultant con- 
tractions of these muscles probably led to the disruption 
of the sutures with erosion of the pulse generator into 
the peritoneal cavity. Resultant symptoms were related 
to stimulation of adductor muscles, the sciatic nerve and 
pelvic muscles. We found only four other reported cases 
of migration of a pacemaker generator.!?-!9 Bello et al.!? 
reported retroperitoneal migration of a pacemaker 





FIGURE 3. Case 3. Three simultaneous Taek: leads 
showing consistent ventricular pacing but total sensing failure. 
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generator implanted in the upper left quadrant of the 
abdomen. The patient subsequently complained of se- 
vere left lumbar pain that was associated with a large 
palpable lump in this area; a left dorsolumbar retro- 


peritoneal hematoma was drained surgically and the : 


pacemaker generator was found at the site and ex- 
tracted. Similarly, Piller et al.!4 report retroperitoneal 


migration of a pulse generator which was traceable to — 
a motor vehicle accident. The migration was suspected | 


because of intermittent pacing failure and a marked 
increase in amplitude of the emitted impulses. Simi- 
larly, Charles and Turner! described an elderly woman 
whose pulse generator eroded into the peritoneum and 


migrated into the left side of her pelvis. This patient had 
experienced lower abdominal pain and diarrhea that : 
disappeared on removal of the unit, and the authors © 





postulated that her symptoms may have been due either © 


to mechanical irritation or to electrical stimulation of 
the bowel. Most extraordinary is the report by Samaan!$ 


[ 


of a patient whose pulse generator was found free within © 


the gastric cavity at the time of a supposedly routine 
replacement because of battery failure. The electrode 
wire was found to pass through the gastric wall and di- 
aphragm to the left ventricle while the indifferent 
electrodes were imbedded in the inner surface of the 
stomach. The unit had been implanted within the pos- 
terior rectus sheath 21 months previously. Remarkably, 
the patient had experienced no symptoms from this 
migration. 

Of further interest are the observations of Betten- 
court-Gomes!" in a patient who manifested rhythmic 
twitching of the right thigh and leg after insertion of an 
endocardial pacemaker. In this instance, symptoms 
were related to migration of the electrode wire down the 
inferior vena cava to a position adjacent to the fourth 
lumbar vertebra. The cause of symptoms in this case 
was related to stimulation of the obturator nerve. 

Involuntary contraction of muscles adjacent to a 
unipolar generator system demands careful vigilance 
for possible pacemaker detachment and migration. 
Rhythmic twitching of structures remote from the 
original site of implantation should alert the clinician 
to the possibility of migration of the pacemaker gener- 


TABLE ! 


Catheterization Pressures Before and After Infusion of 
1,000 ml of Saline Solution in Patient 3* 


Catheterization 
Pressures (mm Hg) 


Before After 
Saline Saline 
Site Infusion Infusion 
Right atrium (mean) 7 14 
Right ventricle (systolic/ 16/8 20/12 
diastolic) 
Pulmonary artery (systolic/ 15/8/11 20/12/17 
diastolic/mean) 
Pulmonary capillary wedge 8 14 


(mean) 


* This patient had echocardiographic evidence of progressive 
thickening of the pericardium. 
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ator or electrodes or of breaks in the pacemaker wire 
insulation. 

Chronic pericarditis with constriction: Cases 2 
and 3 are unusual in that chronic pericarditis developed 
after insertion of the pacemaker. In Case 3, recurrent 
pericarditis was associated with a thickened pericar- 


dium, determined with echocardiography, and a volume 
challenge suggested the presence of occult constriction. 
Pericardiectomy was performed for relief of pain, and 
a thickened nonadherent parietal pericardium was 
easily removed. The ventricular myocardial electrodes 
were removed for fear of recurrent focal pericarditis 





FIGURE 4. Case 3. Chest roentgenograms showing original location 

: so | of the pulse generator (A) and migration of pulse generator (arrow) into 

C ! the pelvic region (B) and its location near the lumbosacral junction 
(C). 
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FIGURE 5. Case 3. Pressure recordings obtained before 
volume loading, showing normal intracardiac pressures. EKG 
= electrocardiogram; PA = main pulmonary arterial pres- 
sure; PCW = pulmonary capillary wedge pressure; RA = 
right atrial pressure; RV = right ventricular pressure. 50mm /sec 





50mm /sec 
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FIGURE 6. Case 3. Pressure recordings obtained after 8 
infusion of 1,000 ml of normal saline solution. All pressures | | 
are increased (compared with those in Fig. 5), and there is 4 BS 








equalization of the mean right atrial, right ventricular end- 
diastolic, pulmonary arterial diastolic and mean pulmonary 


capillary wedge pressures, suggesting pericardial con- O ee O ——— 


striction. Abbreviations as in Figure 5. 50mm /sec 50mm /sec 
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FIGURE 7. Case 3. Postinfusion right atrial pressure tracing showing 
the marked inspiratory (INSP.) increase in pressure suggesting peri- 
cardial constriction (Kussmaul's sign). EXP. — expiration; other ab- 
breviations as in Figure 5. 


from these sites, and a new electrode was implanted on 
the right atrium well above the original site of pace- 
maker insertion. The patient remains without symp- 
toms after a follow-up period of 7 months. 

Patient 2 had a similar course after pacemaker im- 
plantation, and constrictive pericarditis was suggested 
by persistent tachycardia (even when acute pericarditis 
was controlled by glucocorticoid therapy) and an ele- 
vated jugular venous pressure. No hemodynamic mea- 
surements were obtained, but the pericardium was 
found at operation to be thick and shaggy and adherent 


to the epicardium. Noteworthy was the disappearance 
of both tachycardia and the elevated jugular venous 
pressure after pericardial resection. The indications for 
pacing in this patient were questionable and thus it was 
decided to remove the pacemaker and follow up this 
patient carefully. This patient has had only mild chest 
pain and no recurrence of neurologic symptoms in the 
last 9 months. 

Recurrent pericarditis due to various causes may 
result in chronic pericarditis. Development of this 
complication after epicardial pacemaker insertion ap- 
pears to be quite unusual. In Case 3, signs of occult 
pericardial constriction developed within 10 months 
after pacemaker insertion. In Case 2, signs of overt 
constriction occurred within 4 years after pacemaker 
insertion. Although pericardial resection in both pa- 
tients was performed because of recurrent pericarditis, 
these findings suggest that recurrent smoldering peri- 
carditis in subjects with epicardial leads may in time 
result in overt constrictive pericarditis. The finding of 
obvious constriction in Case 2 provided the stimulus for 
the volume challenge performed in Case 3. 

Implications: Because these cases were culled over 
a period of several years, involving two medical centers 
and several surgeons, it proved difficult to define pre- 
cisely the incidence of the complications described in 
this report. We would estimate that such complications 
would be expected in some 2 to 5 percent of patients 
undergoing insertion of epicardial leads. Well recog- 
nized complications of this technique include postop- 
erative pericarditis, myocardial perforation with or 
without acute tamponade and diaphragmatic stimula- 
tion.^? The complications reported herein emphasize 
the need for close continued medical follow-up because 
life-threatening tamponade or constrictive pericarditis 
are potential complications. 
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A young business executive was seen to slump over his steering wheel 
while driving, after which the automobile veered and turned over. Quickly 
taken unconscious to a nearby emergency room, he was pronounced dead 
on arrival. Because there was insufficient physical injury found to account 
for his death, and because atrial fibrillation had been detected for the first 
time on a routine physical examination 3 months previously, special ex- 
amination of the cardiac conduction system was performed. A fibroma 
was present on the right side of the central fibrous body above the His 
bundle, similar to several fibromas on the mitral valve. Small foci of neuritis 
were present in the ventricular myocardium and the atrioventricular node. 
More extensive neural degeneration and ganglionitis were found near the 
sinus node, which also exhibited an encircling perinodal fibrosis. Ways 
in which these abnormalities could have caused a fatal electrical instability 
of the heart are discussed. Careful examination of the cardiac conduction 
system is warranted in other fatal automobile accidents under similar 
circumstances. 


Fatal automobile accidents sometimes occur under circumstances that 
lead to a suspicion that death of the driver preceded and caused the ac- 
cident rather than the other way around. There are not many things that 
could cause a driver suddenly to lose consciousness and die, and most 
of these are readily detectable at routine autopsy. Simple fainting attacks 
could, of course, cause a driver to lose control of a car, but most of these 
give some form of warning that allows sufficient time to take suitable 
precautions. Preeminent among possible explanations for sudden loss 
of consciousness without warning would be cardiac arrhythmia. Autopsy 
examinations conducted after sudden death while driving have rarely 
included study of the cardiac conduction system. We recently performed 
such a study in a driver who was seen to slump over his steering wheel 
prior to losing control of his automobile, and the findings are instruc- 
tive. 


Case Report 


A 32 year old business executive was driving on the expressway when a witness 
in another automobile saw him slump over the steering wheel. There were no 
visible attempts to apply brakes, so that the automobile swerved into a ditch 
and ended upside down by the side of the road. The unconscious driver was 
rushed to a local hospital within minutes, where no vital signs could be found. 
Resuscitative efforts were unsuccessful. At the time of autopsy examination there 
was no evidence that death was due to injury. In particular, there were no rup- 
tured viscera or pulmonary emboli. The skull was not fractured and no subdural 
or subarachnoid hemorrhage was present. 'The leptomeninges of the brain were 
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FIGURE 1 (left). Atrial fibrillation in an electrocardiogram recorded 3 
months before the patient's death. 
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FIGURE 2 (bottom). A, a fibroma (asterisk) is seen adjacent to the 
central fibrous body (CFB); the His bundle is indicated with open arrows. 
Chambers of the right atrium (RA) and left ventricle (LV) are marked. 
B, the normally formed atrioventricular node (AVN) is illustrated. A small 
focus of inflammation is encircled, and can be seen in more detail in 
Figure 3. (Goldner trichrome stain was used in this and in all subsequent 
photomicrographs.) 
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delicate and filmy, and all cerebral vessels were anatomically 
correct and completely free of arteriosclerosis. Except for 
cardiac findings, which will be described in detail, specific 
anatomic diagnoses included a recent abrasion of the left 
eyebrow and temporal area, old ecchymoses of the anterior 
surface of the right thigh, healing abrasion of the right knee 
and a small seminoma of the left testis. The seminoma did not 
extend to the capsule of the testis and did not involve the 
spermatic cord and there were no signs of metastasis. An ex- 
tensive toxicologic examination of the blood (for sedatives, 
narcotics, ethanol) demonstrated no significant level of any 
such substances. 

Previous cardiac history: Three months before the pa- 
tient's death a routine physical examination had been per- 
formed in accordance with requirements of his company. He 
was overweight (249 pounds), blood pressure was 130/85 mm 
Hg and the entire examination was otherwise entirely normal 


FIGURE 3. Focal inflammation of the atrioven- 
tricular (A-V) node (the boxed area in A is shown 
at higher magnification in B). Although none is 
clearly identifiable here, there were neural ele- 
ments in other such foci in the A-V node. 


SUDDEN DEATH Whe ISI Rem SES NS UN 


except for the presence of atrial fibrillation. Ventricular re- 
sponse was about 170/min (Fig. 1). The patient denied any 
symptoms from the arrhythmia, and there were no findings 
to suggest myocardial insufficiency. Atrial fibrillation had not 
been present on his previous annual examination, when the 
electrocardiogram had been normal. He was advised to consult 
a cardiologist, but deferred that appointment because of 
business pressure and was not again seen by a physician before 


his death. 
Cardiac Autopsy Findings 


Gross examination: The heart at necropsy examination 
was generally enlarged, weighing 530 g. Consistency and gross 
appearance of the myocardium were normal. There were no 
significant atheromas within the coronary arteries. However, 
the ostium of the right coronary artery was eccentrically lo- 
cated, being about 1 mm above the junction of the right and 
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noncoronary cusps of the aortic valve. The course of the right 
coronary artery was normal. The normally apposed tricuspid 
valve had a billowing contour, but the mitral valve was nor- 
mally formed. Within the mid portion of the aortic leaflet of 
the mitral valve there were several smooth but irregular 
nodules, the largest measuring 3 by 5 mm and having a yel- 
lowish-white color on cut surface. Competence of the mitral 
valve was not impaired by the small nodules. There was no 
scarring or abnormality of chordae tendineae or of the papil- 
lary muscles. 

Microscopic examination: In addition to several samples 
from the right and left ventricular myocardium, two special 
blocks of myocardium were excised, containing the regions of 
sinus node and of atrioventricular (A-V) node with the His 
bundle. Methods to study the cardiac conduction system in 
this laboratory have been published! and, briefly described, 
are as follows: Each block was cut into a series of slices about 
2 mm thick and from each slice at least 10 serial sections (8 u) 
were cut; when indicated, additional serial sections were made 
as necessary. Sections were routinely prepared with the 





Goldner trichrome stain, but selected ones were prepared with 
Verhoeff-van Gieson elastic or Holmes silver stains. 

Scattered throughout the ventricular myocardium were 
very small foci of neuritis directly adjacent to arteries; there 
was no inflammation of the arteries or of myocytes indepen- 
dent of the neuritis. Just above the undivided His bundle a 
fibroma protruded from the right side of the central fibrous 
body (Fig. 2), but this did not compress the His bundle. The 
fibroma was composed of well formed and compact collagen 
without elastic tissue and histologically resembled the nodules 
in the mitral valve. The A-V node contained a few small foci 
of inflammation, some of which included nerves, whereas 
others did not (Fig. 3). Within the interatrial septum above 
the A-V node there were several neuritic foci, but no other 
inflammation was present. 

There were two abnormalities in the sinus node. The first 
of these was an encircling perinodal fibrosing degeneration 
with edema, focal hemorrhage and inflammation (Fig. 4). 
Although some nerves were involved in the perinodal degen- 
eration, it was more extensive than could be attributed to 


FIGURE 4. Perinodal fibrosing degenera- 
tion is illustrated (the boxed area in A is 
seen at higher magnification in B). RA = 
right atrium; SN = sinus node. 
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neural disease alone. Similar perinodal destruction has been 
observed previously only in patients dying from atrial ar- 
rhythmia due to acute disseminated lupus erythematosus.? 
However, in our patient there was no clinical or other post- 
mortem evidence of lupus. The second abnormality of the 
sinus node was focal degeneration and inflammation of nerves 
and ganglia (Fig. 5 to 7), in the vicinity of, yet quite separate 
from, the perinodal process just described. The neuropathy 
took the form of vesiculation with and without leukocytic 
(mainly lymphocytes) infiltration, perineural edema and focal 
hemorrhages. Because the nerves and ganglia are normally 
located near the epicardium, there was some local epicarditis 
and slight thickening of the pericardium; however, there was 
no inflammation of pericardium independent of the neurop- 
athy. Epicarditis was found exclusively in the vicinity of the 
sinus node, all of the ventricular epicardium being normal. 


Discussion 


Except that this man's death was witnessed and ex- 
cept for the fortuitous fact that he had had a recent 


FIGURE 5. Photomicrographs illustrating 
the ganglionitis present near the sinus 
node. Two examples are circled in A, a 
third example is seen at higher magnifi- 
cation in B. 


physical examination, less emphasis might have been 
placed on careful examination of the cardiac conduction 
system. In fact, one may question how often cases sim- 
‘lar to this one are included as control observations for 
a variety of clinicopathologic correlative studies on the 
basis of a presumptive diagnosis of "an accidental 
death." From the recent discovery of atrial fibrillation, 
from the witness's account of the accident and from the 
lack of significant physical injury to cause sudden death, 
there can be little doubt that the terminal event was due 
to electrical instability of the heart. Whether this was 
initially heart block or a rapid atrial or ventricular ar- 
rhythmia or whether ventricular fibrillation may have 
been the initial (and terminal) event can only be con- 
jectured. 

Cardiac conduction system abnormalities: Even 
in the absence of specific knowledge of the nature of the 
man's cardiac electrical activity shortly before his death, 
there was a plethora of abnormalities in and about the 





May 1980 The American Journal of CARDIOLOGY Volume 45 109€ 


cardiac conduction system that must be suspected as 
causes of electrical instability of the heart. Although 
fibroma of the central fibrous body was found in a pre- 
vious example of sudden unexpected death,^ that tumor 
protruded into the outflow tract of the left ventricle and 
was thus subjected to maximal normal intracardiac 
pressure; the consequences were apparent as reticulated 
fibrosis of the adjacent His bundle, which had a com- 
pressed appearance. In the present case, by contrast, the 
fibroma was well above the His bundle (Fig. 2A) and 
protruded into the right atrium just above the attach- 
ment of the tricuspid valve. The right atrium is a low 
pressure chamber, and there was no evidence of com- 
pression or fibrosis of the adjacent region of the His 
bundle. Similarly, the small nodules on the mitral valve 
did not appear to impair its function and were not near 
any component of the conduction system. The gener- 
alized cardiac enlargement was a nonspecific form of 
electrophysiologic hazard, although it is not clear why 
there was cardiomegaly. Any large heart is more sus- 
ceptible to ventricular fibrillation than is a heart of 
normal size, and termination of such fibrillation is more 





difficult. Although the right coronary ostium was ec- 
centrically located, the course and lumen of each major 
coronary branch were grossly normal and it seems un- 
likely that this variation of coronary anatomy was 
functionally significant. 

Sinus perinodal degeneration: Two abnormalities 
that probably did contribute to cardiac electrical in- 
stability are the shell of degeneration surrounding the 
sinus node, and the focal neuropathy found at various 
sites within the heart. Perinodal inflammatory degen- 
eration has been observed in patients who died from 
lupus erythematosus and in whom atrial arrhythmias 
had been documented before death.? We have no other 
indication that this man had lupus. Although one could 
reason that the earliest expression of lupus here had 
been in the vicinity of the sinus node and that more 
abnormalities would have become apparent elsewhere 
later, this seems implausible because atrial fibrillation 
was known to be present at least once 3 months before 
death and perhaps for a longer time. Whatever the cause 
of the perinodal degeneration, it must have impaired 
normal exit of the sinus impulse as well as provided 


FIGURE 6. Two examples of neuritis ad- 
jacent to the sinus node. Open arrows point 
to nerves that contain leukocytes and ex- 
hibit vesicular changes. 
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potential sites for local reentry or even of enhanced 
ectopic automaticity. The abnormalities of the sinus 
node thus could readily have contributed to the devel- 
opment of atrial fibrillation or other atrial arrhyth- 
mias. 

Focal cardiac neuropathy: Neural degeneration 
and ganglionitis, especially in the vicinity of the sinus 
node, have now been documented in a variety of ex- 
amples of sudden death.9 There are several ways in 
which such neuropathy could have served to unstabilize 


FIGURE 7. Vesicular neuritis near the sinus 
node is illustrated here in a long section of 
one nerve. Two boxed areas in A are seen 
at higher magnification in B and C, re- 
spectively, where open arrows mark ves- 
icles. 





o SUDDEN PERIERE 


cardiac rhythm: It may have impaired neural control of 
the normal sites of primary and secondary automaticity 
in the heart or it may have given origin to some cardio- 
genic reflexes that secondarily affected both the heart 
and peripheral vessels. The latter possibility would 
assume that an excitatory influence on these nerves or 
ganglia would occur early in the destructive process, 
before to their later loss of response. Neural influence 
on the ventricular myocardium includes an effect on the 
process of repolarization,’ and asymmetry of the ad- 
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renergic neural influence on the ventricular myocar- 
dium may be responsible for the abnormal repolariza- 
tion characteristic of patients with the long Q-T syn- 
dromes, who are known to be prone to sudden death. 
Our patient's ventricular neuritic lesions may have al- 
tered his pattern of repolarization in the same 
manner. 

Although the cause of the cardiac neuropathy is un- 
certain, it has previously been suggested that gan- 
glionitis and neural degeneration in the heart may be 
due to a chronic viral infection such as herpes vari- 
cella/zoster.$ Other forms of chronic viral or nonviral 
infection are also possible, as is some form of heritable 
neural degeneration. However, herpes varicella/zoster 
has a well known tendency for chronic (or lifelong) la- 
tent infection with a proclivity for damaging one or a few 
ganglia, especially within the thorax, when activated. 
It would not be necessary for other clinical manifesta- 
tions such as chicken pox or shingles to coexist, either 
in the victim or among his recent contacts or exposures, 
since trigeminal ganglionitis and similar expressions of 
this form of herpetic infection are known to occur as 


isolated manifestations. However, we know too little of 
the patient's recent contacts or exposures to exclude the 
possibility that he may have actually been recently ex- 
posed. 

Causes of sudden death: To interpret what hap- 
pened in this case naturally it would be better to have 
more clinical information about the man's condition 
closer to the time of his death, especially to know 
whether he still had atrial fibrillation or just what his 
cardiac rhythm may have been. It is possible, for ex- 
ample, that he simply fell asleep and ran off the road. 
But if that were the case, the extent of his injuries was 
so slight that the jolt of the accident would surely have 
wakened him and he would be alive. Taken collectively, 
all of the circumstances strongly suggest a terminal 
arrhythmia as cause of his death and then of the acci- 
dent. We hope that the variety of abnormalities found 
in and about this cardiac conduction system will en- 
courage such examinations in the postmortem study of 
any victim of a fatal automobile accident, particularly 
if the circumstances in any way suggested that a ter- 
minal cardiac arrhythmia may have been responsible. 
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Pacing System Better! 
With A Daig Pacing Lead. 


Our entire product line has prov- 
en superior in clinical tests 
against the most rigorous indus- 
try and government standards. 
Daig offers a full complement of 
lead designs and sizes compati- 
ble with the majority of pulse 
generators in use today. 


Daig has shown unexcelled quality 
and reliability in our entire family 
of pacing leads and accessories. 


Tined Endocardial Leads Four 

short tines anchor the lead tip in the ventricular 
trabeculae. The small surface area of the platinum/ 
iridium ring-tip electrode insures low pacing thres- 
holds and pacemaker longevity. 


Wedge- -Tip Endocardial Leads The flanged tip aids 
in anchoring the lead in the apex of the right ventricle. 


An Innovative 
Change of Pace 


DAIG l5 
00) :149): VE LO Md 


5100 Thimsen Avenue 
Minnetonka, Minnesota 55343 


For more information about 
our products, write or call our 
Marketing Department. Call 
toll-free 800-328-3650 

or 612-474-0961. 

TWX 910-576-1780 


The small surface of the semi-flat 
platinum/iridium electrode as- 
sures continual pacing and con- 
servation of pacemaker energy. 


The tined and wedge-tip endocar- 
dial leads are available in both 
unipolar and bipolar configura- 
tions . . . plus, a variety of con- 
ductor coil designs, lead lengths, 
and connector styles. 


Myocardial Sutureless Lead 

Daig’s newly improved Cam-Loc 
Introducer maximizes patient comfort and safety. A 
stab wound or sutures are eliminated by the cork- 
screw design of the electrode. The distal portion of 
the insertion tool can be used for repositioning. 
Available in 35 and 54 cm lengths. 


Daig provides a staff of technical and experienced 
field personnel for complete customer assistance. 
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graphic printout of each quan- 


quality control 
—all are 


standards that include observer 


validated quantitation of ec- 


While half of us watch the recordings. 


At Clinical Data, accuracy is just one 
important part of every LCG " Report. 


It's a basic part of the quality that 
has allowed us to become the 
And none of it means a thing 


And it's why we also looked 
without one other basic: 
Prompt delivery 


at reporting techniques. Our 
LCG Report is the result of 
fold paper. 


try. It's why we design and build 
our own lightweight recorders; 
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largest long term ECG recording 
and reporting service in the coun- 
but the format you prefer. Real 
time printouts of significant 
titated QRS morphology so you 
can validate the data 


constant awareness not only of 
ECG tracings; 


it's why we looked hard at the 
the information you desire 


old superimposition method of 
topic activity by morphology; 


Stein/Peterson™ Examination 


Technique. 


scanning and came up with a 
better way —our exclusive 
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At Clinical Data, we review tapes 24 hours a day, 
seven days a week on over a dozen systems. 
Saturday nights are reserved for system main- 
tenance. We have installed remote printers in 
seven U.S. cities (with more scheduled) 
that allow us to transmit reports cross 

country in a matter of minutes. We 
process thousands of tapes a month. 

To keep all of that happening, we've 
organized. 

Our expediting department is ona 
first name basis with key personnel 
at major courier and postal offices 

nationwide. Working with each new 
customer, they define pick-up and 
delivery priorities, establish sched- 
ules, and evaluate performance. 
We enter every incoming tape 
into our computerized tracking 
system. We can tell in an instant 
where it’s from, when it arrived, 
' who delivered it, when it's been 
A examined, by whom, and how and 
\ when it should be delivered. 
We ve prepared a sample LCG 
Report and a brochure that describes 
in step-by-step detail how we can 
NN NE -CRRI convert a 24-hour ECG recording into a 
RSS P MA SEA ME 24-hour LCG Report and deliver it on time 
| | DS eS LZ, is AIINS anywhere in the U.S.—often within 24-hours. 
WENS Sey nod qn ev 


— 459 7 fy 


50 call us toll-free at 800-225-9180: We'll 
prove to you that our commitment is to long- 
term recording and short-term delivery. 


i a Clinical Data, Inc. 


— 1371 Beacon Street, Brookline, MA 02146 


Toll-free: 800-225-9180 








Combipres. 
Today and 
Tomorrow 








well tolerated .., 9% of 484 patients, 


in 16 clinical trials, definitely or probably dropped out 
due to side effects." 
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Effective control in (mild to moderate) hypertension 
usually with just 2 or 3 tablets daily 

Low incidence of depression, and orthostatic 
hypotension. * 

The most common side effects are dry mouth, 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antihypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and 
hyperglycemia may occur. Drowsiness and sedation 
may be alleviated by giving the larger portion of the 
divided dose at bedtime.?:? 

Convenient morning and bedtime dosage 
scheduling. 


Combipres 


Each tablet contains: Catapres* (clonidine HCI) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg » and 2 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients ie- 
sponsive to its components given separately in equivalent dosages. 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions 
*Orthostatic hypotension has been reported with chlorthalidone and 


may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics 





Combipres ; -» 2 


Each tablet contains: Catapres® (clonidine HC I) 
0.1 or 0.2 mg, and chlorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol. 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 





Medicine| 
for a 
future 


Combipres, because of the hyperglycemic effect 
of chlorthalidone. 


Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm 
day), fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud s phenomenon; 
vivid dreams or nightmares, insomnia, other be- 


havioral changes. nervousness, restlessness, anx- 


iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor. gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy. responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 
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Puritan Oil 

is superior in 

»— polyunsaturates 
(0 corn oil 


A practical adjunct in 
serum cholesterol control 


Puritan is the first major cooking oil made principally 
from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edge in polyunsaturate levels 

over leading corn and soybean-based oils. 
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Light flavor... 
encourages compliance at the table 


The sunflower oil also makes Puritan light tasting. In 
tastetests conducted with Puritanand corn oil, Puritan 
Oil was selected as lighter tasting by homemakers. It 

contributes to an appealing diet for patients and 


ue | family and thus helps enhance sustained compliance 
with your cholesterol management program. 
gim Ili Clinically tested...and proven 
Birgit sé ^s 7.99 
EEG within a"real life" regimen 
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32 FL 07 1 QT) that evaluated a dietary 
trs f serum-cholesterol- 
DR ERI. CERCLE reducing program 
which included Puritan 






Oil. The study was con- 
ducted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. Thedata 
showed significant decreases in serum cholesterol 
levelsamongallparticipating groups. These lowered 
levels were reached within 10 days, and were main- 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 





RYSTAL CONTROLLED 
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Crystal-controlled timing makes CARDIOTEST today's wisest 
choice in pacemaker test instruments. And its extra capabilities 
will allow CARDIOTEST to test tomorrow's pacemakers too. For 
effective pacemaker evaluation, you need a system tester more 
accurate and more precise than the device tested — 
CARDIOTEST. 


VERSATILITY. CARDIOTEST is a three-in-one instrument 
which tests implantable pacers, measures threshold parameters 
and tests implanted pacers noninvasively. 


ACCURACY. Threshold Testing: The CARDIOTEST pulse 
generator approximates the function of an implanted unit, for 


closer simulation of pulse generator performance. A variable 
sensitivity feature allows the full range from demand to 
asynchronous pacing. 


Implantable Pacer Testing: CARDIOTEST sensitivity 
measurements are uniquely precise. Unlike competitors’ testers, 
CARDIOTEST gives the implanting physician the assurance 
that sensitivity is adequate at implant time. Voltage is measured 
at midpoint — a more accurate representation of real output 
pulse energy than at other points in the pulse. Because of this 
distinctive midpoint-measurement feature, CARDIOTEST can 
measure voltage over the various pulse widths available with 
today’s pulse width programmable pacemakers. 


SECURITY. By testing the pacemaker with CARDIOTEST prior 
to implant, the physician can document the device's proper 
function, without introducing more test equipment to the 
operating room. 


EASE OF USE. Pushbutton operation and compactness make 
this the most “human engineered” test instrument available. 
Bright, readable digital display can be seen from across the 
foom — and LED indicators tell which parameter is being 
measured. Easy to measure resistance — just push the button. 
No.need to measure slew rate — CARDIOTEST's electronic 
bandpass filter compensates for frequency content of the 
R-wave. 


CPI, Meets Your Needs. 


DISPLAY AREA — 

LED Digital Display 

LED Measurement Indicators 
PACE and SENSE LED Indicators 
Battery Low LED Indicator 


THRESHOLD TEST DEVICE — 
Control dials for adjusting rate, pulse 
width, voltage and sensitivity 
(asynchronous to full demand) 
parameters during patient pacing and 
threshold measurements. 


Pushbutton selectors for rate, pulse 
width, voltage and resultant current, 
resistance and cardiac R-wave 
measurements. 


PACER TEST DEVICE — 

Pushbutton selectors for rate, pulse 
interval, pulse width, voltage, paced 
and sensed refractory periods, and 
positive and negative R-wave 
sensitivity measurements of external 
or implantable pulse generators. 


NONINVASIVE TEST DEVICE — 
Pushbutton selectors for rate, pulse 
interval and pulse width 
measurements of an implanted 
pacemaker. 


Cardiac Pacemakers, Inc. 
(CDI 4100 North Hamline Avenue 
P.O. Box 43079 
® St. Paul, Minnesota 55164, U.S.A. 
INVOLVED iN MANKIND 
© 1979 Cardiac Pacemakers, Inc. 

















THEY 
ONLY TASTE 
THE WATER 


The plain truth about potassium supplements— 
many patients just don't take them 
Many patients just can't take liquid or effervescent prepa- 
rations day after day, no matter how they are diluted or the 
taste is disguised. Thus, in the long run, they fail to get the 
potassium they need. 


Helps solve compliance problems two ways 
KAON-CL TABS have no taste or after-taste, no matter 
how long they are taken. 

KAON-CL TABS are easy to remember, with a simple 
t.i.d. dosage schedule and ready portability. 


Minimizes likelihood of Gl complications 
Each KAON-CL TABS tablet provides 500 mg KCl (6.7 


mEq) in a special wax matrix which controls release of 
potassium chloride over several hours. Thus, the likeli- 
hood of high localized concentrations of KCl in the GI 
tract is minimized. The reported frequency of GI lesions 
with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of 
GI bleeding reported with KAON-CL TABS to date and 
no reports of small bowel stenosis or ulceration. However, 
clinical experience is insufficient at this time to indicate 
that the incidence is other than the stated numerical ratio. 





Patients stay on 


_  KAON-CLTABS 


(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 








KAON.CI TABS* (potassium chloride) 
Controlled Release 

eS nt Kaon-C] Tabs is a sugar coated (not et 
ing mg potassium chloride (equivalent to 6.7 n 
wax matrix. This formulation is intended to pro 

tassium from the matrix to minimize the lik 

ocalized concentrations of potassium within the 
Indications: BECAUSE OF REPORTS OF INTI 
ULCERATION AND BLEEDING WITH SLOV 
CHLORIDE PREPARATIONS, THESE DRUGS 
FOR THOSE PATIENTS WHO CANNOT TOI 
TAKE LIQUIDS OR EFFERVESCENT POTASSI 
FOR PATIENTS IN WHOM THERE IS A PRO 
WITH THESE PREPARATIONS. 

l. For therapeutic use in patients with hypokalem 
alkalosis, in digitalis intoxication and in patien 

riodic paralysis. 

2. For the prevention of potassium depletion 
inadequate in the following conditions: Pati 
diuretics for congestive heart failure, hepatic cii 
aldosterone excess with normal renal functior 

athy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving 
essential hypertension is often unnecessary | 
normal dietary pattern. Serum potassium sho 
however, and if hypokalemia occurs, dietary sı 
sium-containing s may be adequate to co 
severe cases supplementation with potassium s 

Contraindications: Potassium supplements are con! 
hyperkalemia since a further increase in serum pota: 
parans can produce cardiac arrest. Hyperkalemia 
ollowing conditions: Chronic renal failure, system 
acidosis, acute dehydration, extensive tissue breal 
adrenal insufficiency, or the administration of a pota 
spironolactone, triamterene). 

-matrix potassium chloride preparations have 
ation in certain cardiac patients with esophageal com 
atrium. Potassium supplementation, when indicated 
with a liquid preparation. 

All solid dosage forms of potassium chloride su 

in any patient in whom there is cause for arrest or del 
the gastrointestinal tract. In these instances, potassit 
be with a liquid preparation. 
ings: Hyper ia—In patients with impaire 
| potassium, the administration of potassium salts car 
.. cardiac arrest. This occurs most commonly in patie 
. intravenous route but may also occur in patien 
Potentially fatal hyperkalemia can develop rapidly an 
of potassium salts in patients with chronic renal disc 
which impairs potassium excretion, requires partict 
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Detection of Left Ventricular Aneurysm and Evaluation of Effects of 
Surgical Repair: The Role of Radionuclide Cineangiography * 


JEFFREY S. BORER, MD, FACC 
JEROME G. JACOBSTEIN, MD 
STEPHEN L. BACHARACH, PhD* 
MICHAEL V. GREEN, MS* 


New York, New York 


The decision to use surgical therapy for patients with 
coronary artery disease and heart failure requires (1) 
identification of patients with discrete left ventricular 
aneurysm, and (2) estimation of the risk of surgery and 
the likelihood of clinical improvement and increased 
survival if aneurysmectomy is undertaken. Such esti- 
mation most appropriately is based on assessment of the 
amount and function of residual viable myocardium.!? 
As a corollary to the latter process, results of operation 
must be assessed, both clinically and objectively, in 
order to permit evaluation and refinement of selection 
criteria. 


Radionuclide Angiography 


The development of noninvasive radionuclide angi- 
ographic procedures over the past decade*~’ has pro- 
vided a tool that is particularly well suited for the se- 
lection of patients for aneurysmectomy and for evalu- 


ation of the results of such therapy. Since the intro- 


duction and clinical application of real time radionu- 
clide cineangiography 4 years ago,®’ the technique has 
proved of increasing value in assessing patients with 
coronary artery disease and its complications. In addi- 
tion to facilitating accurate identification of such pa- 
tients by permitting detection (and determination of 
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the location and extent) of regional dysfunction at rest 
and during exercise,’ the method lends itself readily 
to the assessment of the functional severity of disease 
as indicated by the left ventricular ejection fraction.7.19 
Moreover, the technique permits precise determination 
of left ventricular volume by both the area-length 
method of Sandler and Dodge? and, more recently, an 
elegant count-based method unique to radionuclide 
cineangiography.!! 

The radionuclide technique provides a particularly 
attractive alternative to cardiac catheterization in the 
initial screening of patients before aneurysmectomy and 
in the evaluation of postoperative results because of its 
safety, simplicity, lack of discomfort for the patient and 
considerably lower cost relative to cardiac catheteriza- 
tion. The efficacy of radionuclide angiography in de- 
tecting patients with discrete left ventricular aneurysms 
was well demonstrated by Rigo et al.!? in 1974. Their 
noncomputerized electrocardiographically gated two 
frame method was highly accurate in both the detection 
of discrete, potentially resectable aneurysms and the 
precise determination of left ventricular volumes. Dy- 
mond et al.!? recently used the newer and more reliable 
computer-based radionuclide cineangiographic method 
to assess aneurysms and demonstrated a very close 
correlation between the location, extent and motion 
characteristics of aneurysms detected by radionuclide 
and contrast ventriculography. These investigators, who 
also participated in the assessment of aneurysmectomy 
by Stephens et al.!4 (reported in this issue of the Jour- 
nal), concluded that the radionuclide-based first pass 
method was sufficiently accurate in differentiating 
between discrete and diffuse ventricular dysfunction 
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to be used as a screening procedure in selecting candi- 
dates for operation. Their work is supported by the re- 
sults of Froehlich et al.!^ (also reported in this issue of 
the Journal), who used the electrocardiographic gated 
equilibrium technique for radionuclide cineangiography 
and found excellent correlation of results of segmental 
function assessment with those obtained with contrast 
angiography. 


Aneurysmectomy and Left Ventricular Function 


The study of Froehlich et al.!? is also the first to use 
the radionuclide technique in the objective evaluation 
of the effects of aneurysmectomy on left ventricular 
function. This application of noninvasive imaging is of 
great potential value in ongoing attempts to refine cri- 
teria for selection of patients likely to benefit from 
surgery. Enthusiasm for aneurysm resection,!® often 
performed in combination with coronary revascular- 
ization,!? to treat patients with chronic congestive heart 
failure (and even those who have angina without heart 
failure!?) has been based on the impressive clinical 
improvement noted in some patients and on a reduction 
in the long-term mortality rate expected on the basis of 
earlier natural history studies. The physiologic basis for 
such benefit was elucidated by the pioneering studies 
of Klein et al.,!? who demonstrated that the physical 
presence of an aneurysm necessarily increases the de- 
gree of systolic shortening (and oxygen consumption) 
required of extraaneurysmal myocardial fibers; when 
the aneurysm involves more than 25 percent of the 
ventricular surface, physiologic fiber shortening limits 
are exceeded and a reduction in stroke volume, com- 
pensatory dilatation with an increase in left ventricular 
diastolic pressure and clinical congestive heart failure 
(and possibly ischemia) must ensue. 

However, although aneurysm resection undoubtedly 
benefits some patients, its value has been questioned 
by some investigators?9?! who reported that it often is 
not associated with clinically important symptom relief 
or prolongation of expected survival. Moreover, as the 
results of Froehlich et al.!^ and Stephens et al.!4 indicate 
in many patients little or no objective improvement in 
left ventricular function can be detected after operation. 
These results indicate the need for more accurate cri- 
teria than those now in use for selection of patients 
likely to benefit importantly from surgery. 

Froehlich et al.!^ concluded that, as currently per- 
formed, aneurysmectomy is of questionable value when 
used primarily to improve left ventricular function. 
Their data show that most often aneurysmectomy re- 
sults in resection of only half the dysfunctional tissue 
identified preoperatively with angiography. Acceptance 
of both of these conclusions requires further study and, 
perhaps, subdivision of large groups of patients on the 
basis of preoperative functional criteria, such as those 
proposed by Stephens et al.!4 As the data of Froehlich 
et al.? indicate, noninvasive radionuclide angiography 
can be expected to facilitate greatly the pre- and post- 
operative assessment of left ventricular function in 
large, consecutive series of patients. The availability of 


such comprehensive information holds great promise 
for the refinement of our preoperative indicators of 
postoperative benefits. 


Selection of Patients 


The selection of patients who are likely to benefit 
importantly from aneurysmectomy is a particularly 
difficult problem. Earlier studies? indicated that 
postoperative benefit is predictable primarily on the 
basis of residual function of remaining viable myocar- 
dial segments. In contrast, Stephens et al.!4 report that 
improvement of left ventricular function after operation 
may be inversely, rather than directly, related to the 
function of remaining viable segments. Such functional 
determination was carried out by measurement of 
“ejection fraction of contractile segments,” a plani- 
metric method based on a series of geometric assump- 
tions, which was applied in assessing contrast angio- 
grams. Radionuclide-based techniques also can be used 
in such planimetric determinations; however, the ap- 
plication of count-based “functional mapping” in the 
assessment of regional function has been of greater in- 
terest.^??-?4 This method permits quantitation of re- 
gional function based on the variation in radioactive 
emissions detected in each region, and is independent 
of the limitations of geometric formulations. *Func- 
tional mapping” is of particular value for accurate de- 
termination of regional function in the irregularly 
shaped, aneurysm-containing left ventricle. 


Noninvasive Studies During Exercise 


The data of Stephens et al.!4 concerning the prog- 
nostic implications of regional dysfunction are few and 
inconclusive, and require further testing for validation. 
However, these investigators have made an important 
and innovative beginning in such testing by using ex- 
ercise stress and pharmacologic unloading methods to 
refine their preoperative assessment of left ventricular 
function, in order to predict postoperative results. 

Stephens et al.!4 did not use radionuclide methods 
in their work. However, many previous studies, as well 
as the postoperative studies of Froehlich et al.,!5 have 
demonstrated the efficacy of radionuclide cineangiog- 
raphy in detecting and quantitating regional and global 
left ventricular dysfunction during exercise even if such 
dysfunction is absent or undetectable at rest.7-9.23.25 
Similarly, the technique is effective in measuring the 
functional effects of unloading agents both at rest and 
during exercise.?^ The ease of application of such non- 
invasive procedures undoubtedly will simplify the val- 
idation of the intriguing new findings of Stephens et 
al. 


Role of Associated Coronary Disease and 
Bypass Grafting 


At first glance the results of Froehlich et al. and of 
Stephens et al. appear contradictory. Froehlich et al. 
found that aneurysmectomy provided mild to moderate 
symptomatic relief without improving left ventricular 
function. Stephens et al. found very little, if any, clinical 
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improvement in most patients after operation, but some 
of their patients had mild improvement in systolic 
function and a reduction in left ventricular end-diastolic 
pressure. This apparent paradox probably can be ex- 
plained on the basis of patient selection, with resulting 
differences in surgical approach, as well as by the 
methods of evaluation used. Thus, the patients of 
Froehlich et al. most often manifested multivessel 
coronary artery disease and were limited by angina as 
well as by symptoms of congestive heart failure; occa- 
sionally angina was the sole limiting symptom. As a 
result, coronary bypass grafting was routinely used in 
addition to aneurysmectomy. Evaluation of left ven- 
tricular function before operation was performed almost 
exclusively with the patient at rest. 

In contrast, 9 of the 12 patients of Stephens et al. had 
single vessel disease and were limited only by congestive 
symptoms. As a result, bypass grafting was performed 
in only two patients. Preoperative studies were per- 
formed at rest, during exercise and during exercise with 
pharmacologic intervention. It is likely that much of the 
symptomatic relief achieved in the study of Froehlich 
et al. is attributable to bypass grafting, with relief of 
ischemia, and therefore of angina and of episodic isch- 
emia-induced left ventricular failure (*angina equiva- 
lent"), that would not be detectable with the patients 
at rest. The patients of Stephens et al., who appeared 
to have much scar tissue but little functionally impor- 
tant ischemia, could not achieve similar clinical benefits. 
However, mild improvement in mechanical function, 
perhaps attributable to relief of afterload stress on re- 
maining viable myocardium, could be predicted on the 
basis of results obtained during exercise before opera- 
tion. 


si 


Clinical Implications 

If the apparent differences between the two studies 
can be explained as noted, it follows that criteria for 
selection of patients for operation should be based in 
part on the extent of reversible ischemia as well as the 
amount of mechanical dysfunction that can be dem- 
onstrated by objective assessment. Radionuclide cine- 
angiography during exercise can be particularly valuable 
in testing this hypothesis. In patients with coronary 
artery disease, ischemia-induced dysfunction is often 
apparent only during stress’~®:2*:2 and is easily detected 
with radionuclide cineangiography. The efficacy of 
bypass grafting in treating such reversible dysfunction 
has been well demonstrated by the radionuclide tech- 
nique.” The data of Stephens et al. indicate that in 
some patients potentially reversible mechanical dys- 
function may be present in the absence of ischemia; 
radionuclide cineangiography during exercise is of value 
in the detection and quantitation of reversible me- 
chanical dysfunction in patients with noncoronary heart 
diseases.?^?8 Thus, the application of radionuclide 
cineangiography during exercise to a large consecutive 
series of patients with aneurysm might permit quanti- 
tation of the reversible component of left ventricular 
dysfunction, whether or not it is related to active isch- 
emia. 

In summary, the studies of Froehlich!’ and Ste- 
phens!^4 and their co-workers suggest a need to refine 
further our current concepts regarding both the selec- 
tion of patients for left ventricular aneurysmectomy and 
the potential efficacy of the operation. The new and 
promising approaches to study of this subject used by 
both groups suggest a valuable role for radionuclide 
cineangiography in this area. 


References 


1. Watson LE, Dickhaus DW, Martin RH. Left ventricular aneurysm: 
preoperative hemodynamics, chamber volume, and results of 
aneurysmectomy. Circulation 1975;52:868-73. 

2. Arthur A, Basta L, Kioschos M. Factors influencing prognosis in 
left ventricular aneurysmectomy. Circulation 1972;46:Suppl Il: 
IIl-127. 

3. Zaret BL, Strauss HW, Hurley PJ, Natarajan TK, Pitt B. A nonin- 
vasive scintiphotographic method for detecting regional ventricular 
dysfunction in man. N Engl J Med 1971;284:1165-70. 

4. Strauss HW, Zaret BL, Hurley PJ, Natarajan TK, Pitt B. A scinti- 
photographic method for measuring left ventricular ejection fraction 
in man without cardiac catherization. Am J Cardiol 1971;28: 
575-80. 

5. Green MV, Ostrow HG, Douglas MA, et al. High temporal resolution 
ECG-gated Scintigraphic angiocardiography. J Nucl Med 1975; 
16:95-8. 

6. Bacharach SL, Green MV, Borer JS, Douglas MA, Ostrow HG, 
Johnston GS. A real-time system for multi-image gated cardiac 
studies. J Nucl Med 1977;18:79-84. 

7. Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, 
Johnston GS. Real-time radionuclide cineangiography in the 
non-invasive evaluation of global and regional left ventricular 
function at rest and during exercise in patients with Coronary artery 
disease. N Engl J Med 1977;296:839-44. 

8. Borer JS, Kent KM, Bacharach SL, et al. Sensitivity, specificity 
and predictive accuracy of radionuclide cineangiography during 


May 1980 The American Journal of CARDIOLOGY Volume 45 


exercise in patients with coronary artery disease: comparison with 
exercise electrocardiography. Circulation 1979;60:572-80. 

9. Berger HJ, Reduto LA, Johnstone DE, et al. Global and regional 
left ventricular response to bicycle exercise in coronary artery 
disease. Am J Med 1979;66: 13-21. 

10. Green MV, Bacharach SL, Douglas MA, et al. The measurement 
of left ventricular function and the detection of wall motion ab- 
normalities with high temporal resolution ECG-gated scintigraphic 
angiocardiography. IEEE Trans Nucl Sci 1976;23:1257-63. 

11. Slutsky R, Karliner J, Ricci D, et al. Left ventricular volumes by 
gated equilibrium radionuclide angiography: a new method. Cir- 
culation 1979;60:556-64. 

12. Rigo P, Murray M, Strauss HW, Pitt B. Scintiphotographic evalu- 
ation of patients with suspected left ventricular aneurysm. Circu- 
lation 1974;50:985-91. 

13. Dymond DS, Jarritt PH, Britton KE, Spurrell RAJ. Detection of 
postinfarction left ventricular aneurysms by first pass radionuclide 
ventriculography using a multicrystal gamma camera. Br Heart J 
1979;41:68-78. 

14. Stephens JD, Dymond DS, Stone DL, Rees GM, Spurell RAJ. Left 
ventricular aneurysm and congestive heart failure: value of exercise 
stress and isosorbide dinitrate in predicting hemodynamic results 
of aneurysmectomy. Am J Cardiol 1980;45:932-9. 

15. Froehlich RT, Falsetti HL, Doty DB, Marcus ML. Prospective study 
of surgery for left ventricular aneurysm. Am J Cardiol 1980;45: 
923-31. 


1105 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


1106 


Favaloro RG, Effler DB, Groves LK, Westcort RN, Suarey E, Lo- 
zada J. Ventricular aneurysm—clinical experience. Ann Thorac 
Surg 1968;6:227-45. 

Cooperman M, Stinson EB, Griepp RB, Shumway NE. Survival 
and function after left ventricular aneurysmectomy. J Thorac 
Cardiovasc Surg 1975;69:321-8. 

Lefemine AR, Govindarajan R, Ramaswamy K, Black H, Madoff 
l, Sanella N. Left ventricular wall resection for aneurysm and aki- 
nesia due to coronary artery disease: fifty consecutive patients. 
Ann Thorac Surg 1977;23:461-6. 

Klein MD, Herman MV, Gorlin R. A hemodynamic study of left 
ventricular aneurysm. Circulation 1967;35:614-30. 
Kouchoukos NT, Doty DB, Buettner LE, Kirklin JW. Treatment of 
postinfarction cardiac failure by myocardial excision and revas- 
cularization. Circulation 1972;45:Suppl I:|-72-78. 

Spencer FC, Green GE, Tice DA, Walsh E, Mills NL, Glassman 
E. Coronary artery bypass grafts for congestive heart failure: a 
report of experience with 40 patients. J Thorac Cardiovasc Surg 
1971;62:529-42. 

Green MV, Brody WR, Douglas MA, et al. Ejection fraction by count 
rate from gated images. J Nucl Med 1978;19:880-3. 
Bodenheimer MM, Banka VS, Fooshee CM, Gillespie JA, Helfant 
RH. Detection of coronary heart disease using radionuclide-de- 


24. 


25. 


26. 


27. 


28. 


May 1980 The American Journal of CARDIOLOGY Volume 45 


termined regional ejection fraction at rest and during handgrip 
exercise: correlation with coronary arteriography. Circulation 
1978;58:640-8. 

Maddox DE, Wynne J, Uren R, et al. Regional ejection fraction: 
a quantitative radionuclide index of regional left ventricular per- 
formance. Circulation 1979;59:1001-9. 

Borer JS, Bacharach SL, Green MV, Kent KM, Johnston GS, 
Epstein SE. Effect of nitroglycerin on exercise-induced abnor- 
malities of left ventricular regional function and ejection fraction 
in coronary artery disease: assessment by radionuclide cinean- 
giography in symptomatic and asymptomatic patients. Circulation 
1978;57:314-20. 

Kent KM, Borer JS, Green MV, et al. Effects of coronary artery 
bypass on global and regional left ventricular function during ex- 
ercise. N Engl J Med 1978;298:1434-9. 

Borer JS, Bacharach SL, Green MV, et al. Exercise-induced left 
ventricular dysfunction in symptomatic and asymptomatic patients 
with aortic regurgitation: assessment by radionuclide cineangi- 
ography. Am J Cardiol 1978;42:351- 7. 

Borer JS, Rosing DR, Kent KM, et al. Left ventricular function at 
rest and during exercise after aortic valve replacement in patients 
with aortic regurgitation. Am J Cardiol 1979;44:1297-305. 


LETTERS TO THE EDITOR 





ONE HOUR VERSUS 24 HOUR AMBULATORY 
ELECTROCARDIOGRAPHIC MONITORING 


Kennedy and colleagues! have tried to answer the important 
question of how long to monitor the ambulatory patient with 
coronary disease for ventricular ectopic activity. They show 
that the longer the period of monitoring, at least up to 48 
hours, the greater the yield. They warn that shorter periods 
of monitoring *advocated as a cost-effective measure" are 
likely to be less accurate and perhaps even dangerous because 
some high risk patients will be missed. They refer to an ab- 
stract of which I am senior author? as an example of this. 
Unfortunately they have misinterpreted the intent and the 
conclusions of our study, and I am writing to correct their 
error. 

We, too, were concerned with the same question. We re- 
veiwed a large series of ambulatory electrocardiographic re- 
cordings to see if shorter periods of monitoring, perhaps 1 or 
2 hours, might contain information that would help define 
which patients required longer monitoring. We showed that 
the events recorded in the 1st hour of the tape could reliably 
distinguish two groups of patients. If there was absolutely no 
ventricular ectopic activity in the 1st hour of the tape, fre- 
quent or high grade ventricular ectopic activity was most 
unlikely during the succeeding 12 to 24 hours. Conversely, if 
even one ventricular premature complex was present during 
the 1st hour, high grade or frequent ventricular ectopic ac- 
tivity was far more likely to be present later. We never claimed 
that a 1 hour tape would contain all the information available 
in longer monitoring periods but did suggest that the 1 hour 
tape might serve as a useful screening procedure. 


When these data were first presented, we were verbally. 


challenged by members of the audience whose anecdotal ex- 
perience seemed different. This prompted us to review an- 
other 100 cases. Our conclusions were the same; those who had 
absolutely no ventricular ectopic activity in the 1st hour did 
not show high grade or frequent ventricular ectopic activity 
in the succeeding hours of the tape. We urge other investiga- 
tors, including Kennedy and co-workers, to review their data 
to confirm or deny our conclusions. 

In the real world, cost, patient convenience and time count 
for something. A 1 hour Holter recording is easily performed 
in the clinic or doctor's office. It is relatively inexpensive and 
in our experience most useful. Until there is evidence to the 


TABLE | 


contrary we will continue to use this as a screening proce- 
dure. 


Sidney Alexander,.MD, FACC 
Cardiovascular Section 
Lahey Clinic Foundation 
Boston, Massachusetts 


References 


1. Kennedy HL, Chandra V, Sayther KL, Carolis DG. Effectiveness of increasing hours 
of continuous ambulatory electrocardiography in detecting maximal ventricular ectopy: 
continuous 48 hour study of patients with coronary heart disease and normal subjects. 
Am J Cardiol 1978; 42:925-30. 

2. Alexander S, Feldman CL, Singer PJ. Quantitative comparison of one-hour versus 
twelve-hour ambulatory ECG monitoring (abstr). Chest 1977; 72:392. 


REPLY 


We did misinterpret the intent of the study of Alexander et 
al. advocating short-term monitoring as a cost-effective 
measure rather than as a useful screening procedure. Review 
of our data with regard to the presence of any ventricular ec- 
topic complexes in the initial hour of examination as a pre- 
dictor of complex grades or frequent ventricular ectopic ac- 
tivity (as defined in our study) in the succeeding 12 to 24 hours 
gave the results shown in Table I. The data show that the 
presence of ventricular ectopic activity in the initial hour 
predicted the occurrence of complex grades of such activity 
in 81 percent of patients, but indicated high frequency of such 
activity in 42 percent of patients. The converse—that is, the 
absence of ventricular ectopic activity in the initial hour— 
predicted the nonoccurrence of complex grades of ventricular 
ectopic activity in 86 percent of patients and the absence of 
high frequency ventricular ectopic activity in 98 percent of 
patients during the following 24 hours. These results support 
Alexander's contention with regard to predicting the occur- 
rence of complex grades of ventricular ectopic activity, but not 
to predicting high frequency ventricular ectopic activity. 

In our laboratory, direct cost analysis (which considered 
patient-time and transportation; recording examination- 
instrument time, supplies and personnel; analysis-instrument 
time, supplies and personnel; and interpretation-physician 
time) showed the cost of the 24 hour ambulatory electrocar- 
diographic examination to be 2.5 times greater than that of 
the 1 hour examination. We recognize the high priority of 


Ventricular Ectopic Activity in Initial Hour in Relation to Later Findings 





Ventricular Ectopic Activity 


Present During Complex Absent During Complex High 
Initial Hour Grades Frequency Initial Hour Grades Frequency 

MI 23 17 22 4 0 

(n = 45) 
Angina 7 7 15 3 1 

(n = 22) 
Normal 1 1 22 1 0 

(n = 23) 
Total 31 25(81%) 13(42%) 59 8(14%) 1(2%) 
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detecting serious ventricular arrhythmias in patients with 
coronary heart disease, but realize that other important 
electrocardiographic phenomena may also occur. Electro- 
cardiographic examination of patient symptoms or com- 
plaints, diurnal patterns of heart rate, S- T segment changes 
and other cardiac arrhythmias (such as atrioventricular con- 
duction disturbances or sinus nodal dysfunction) are addi- 
tional important data provided by the 24 hour examination.! 
Considering the cost factor, data obtained and limitations of 
the 1 hour examination, we continue to favor and advocate an 
initial evaluation of patients with ischemic heart disease with 
24 hour ambulatory electrocardiography. 


Harold L. Kennedy, MD, MPH, FACC 

Karin L. Sayther 

Department of Cardiovascular Services and 
Clinical Investigations 

U.S. Public Health Service Hospital 
Baltimore, Maryland 
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VASOPRESSORS AND CARDIAC RUPTURE 


The various aspects of cardiac rupture have been well de- 
scribed in a recent review.! However, the possible relation 
between the administration of vasopressors and subsequent 
perforation has not previously been reported. The following 
case illustrates this possibility. 

Case report: A 67 year old woman with hypertension and 
prior myocardial infarction was admitted with an acute infe- 
rior infarction. Papillary muscle dysfunction and mild pul- 
monary edema were soon noted, but were effectively treated 
with diuretic drugs and digoxin. Thereafter, the patient's 
course was good. 

On the 5th hospital day, chest pain followed by hypotension 
and pallor occurred. Physical examination revealed pulmo- 
nary rales and a hyperdynamic precordium. A catheter sit- 
uated in the right atrium displayed the expected inspiratory 
decrease in pressure. 

'The shock-like state persisted despite increasing doses of 
dopamine hydrochloride. A chest X-ray film revealed a 
marked increase in heart size compared with that on an earlier 
film obtained during the same admission, and suggested 
pericardial effusion. The right atrial pressure wave contour 
was noted to increase during inspiration. Cardiac arrest soon 
occurred. Postmortem examination was not permitted. 


Comment: The evidence in this case implicates cardiac 
rupture and tamponade as the immediate cause of death, 
which may have been heralded by the final episode of chest 
pain and hypotension. However, the administration of vaso- 
pressors may have precipitated the event either (1) by ele- 
vating tension in the myocardium surrounding the infarcted 
zone, further diminishing sinusoidal blood flow in the already 
compromised area, or (2) by increasing the contractility of the 
viable myocardium, causing a “blowout” of the infarcted 
area. 

In conclusion, in the setting of clinical deterioration several 
days after infarction when large doses of vasopressors have 
failed to improve the clinical status of the patient, then cardiac 
perforation possibly caused by the pressor agent should be 
considered. A chest X-ray film should be obtained in search 
of an abnormal cardiac silhouette. Also, a catheter should be 
inserted to determine right atrial hemodynamics during in- 
spiration. If either diagnostic procedure yields findings con- 
sistent with cardiac tamponade, then termination of treat- 
ment with vasopressors should be considered. 

I would be interested in knowing of others who may have 
had similar experiences. 


Roger N. Gutner, MD 
Hale Hospital 
Haverhill, Massachusetts 


Reference 


1. Bates RJ, Beutler S, Resnekov L, Anagnostopoulos CE. Cardiac rupture— challenge 
in diagnosis and management. Am J Cardiol 1977; 40:429-37. 


REPLY 


Gutner indicates a belief in a relation between administration 
of vasopressors and cardiac rupture. Although this might be 
possible, the case he presents does not illustrate this relation 
because of the presence of other factors associated with rup- 
ture such as age, hypertension and interval between infarction 
and presumed rupture. Thus, on the basis of this case report, 
it would not be possible to consider the administration of 
vasopressors as a factor related to cardiac rupture. In addition, 
although papillary muscle dysfunction was noted, without 
postmortem examination one cannot conclude that rupture 
did in fact occur. | 

C. E. Anagnostopoulos, MD, FACC 

Cardiac Surgery 

Department of Surgery 

The University of Chicago 

Chicago, Illinois 
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Robert O. Brandenburg, 


"The first move—the most difficult to 
make; the first action—the most difficult 
to take; the first word—the most difficult 
to state.” 

These words recently quoted by a 
clergyman seem appropriate to a new 
administration beginning a new decade. 
It is a time to assess the strengths and 
weaknesses of the College, enabling the 
"first move, action and word” to have 
continuity with the previous administra- 
tion, continue the established activities 
and initiate new imaginative approaches 
for the programs of the College. 

Quality educational programs have 
been the foremost activity of the College 
since its inception. Initially these pro- 
grams were entirely extramural but, more 
recently, the unique Learning Center 
programs have been added. Marked pro- 
liferation of programs has occurred in 
response to advances in new techniques 
and knowledge in cardiovascular areas 
and the increasing pressure of legislation 
for mandatory continuing medical edu- 
cation. Despite this, it has become ap- 
parent to the College leadership that new, 


creative and innovative approaches to the 
educational process are now an appro- 
priate objective. In addition, economic 
factors are also beginning to play a role, 
with continued increases in costs of travel 
and hotel expenses for participants in 
extramural programs. These inflationary 
economic problems will clearly have to be 
considered in the new approaches to the 
educational process. Despite the exis- 
tence of quality programs we all recog- 
nize the lack of evidence that we have 
attained our goal of enhancing the delivery 
of medical care to the patient. An Ad Hoc 
Committee on Research in Continuing 
Medical Education has been appointed by 
the College president, and is now ad- 
dressing this specific issue, which even- 
tually should have an important impact on 
all our educational endeavors. 

The Bethesda Conference Committee, 
which has developed such excellent 
conferences in the past, continues to be 
active with definite plans for a conference 
on the Prevention of Coronary Disease in 
September 1980 and plans for additional 
conferences in the preparation stage. Of 
particular personal interest is the proposal 
that there be a series of mini Bethesda 
Conferences. Plans for the initial mini 
conference were stimulated by the article 
by Past President Borys Surawicz, ''How 
to Cope with the New Technology? The 
Knowledge and Prudence” (Am J Cardiol 
1979;43:1249-1250.). This article directs 
attention to the widespread adoption of 
new diagnostic studies and techniques 
before they are well understood or their 
diagnostic accuracy validated. Some 
decades ago Einstein commented, ‘‘Per- 
fection of tools and confusion of aims are 
characteristic of our time.” This percep- 
tive observation is much more relevant 
today in light of the tremendous growth of 
cardiovascular technology in recent years. 
As a result, patients are often subjected 
to multiple studies that do not really en- 
hance their management and result in 
unnecessary costs. We must clearly ask 
first what it is we need to know in the 


many clinical encounters that face us, and 
then which of the various noninvasive 
studies is most likely to give the most re- 
liable and accurate data. 

Although nuclear imaging and echo- 
cardiography are rapidly changing tech- 
niques, the value of a conceptual con- 
ference directed toward their application, 
rather than their methodology, seems of 
particular importance at this time. The 
potential benefit to cardiologists of this 
type of conference focusing, for example, 
on all the nuances of myocardial function 
makes this a program that | am sure will 
have the enthusiastic support of the Col- 
lege. 

Interest and willingness to become in- 
volved in the multiple interventions of 
government into medicine have been 
pursuits that most physicians, including 
myself, have found unappealing. The need 
for such interest and involvement needs 
no discussion—it is simply a necessity for 
a professional organization whose 
members are affected to an increasing 
degree by government at all levels. With 
each passing year the involvement of 
College members increases. The year 
1980 will see congressional consideration 
of a host of important legislative measures 
in the health area. These include legisla- 
tion to reorganize the National Institutes 
of Health and extend authorization for the 
National Heart, Lung, and Blood Institute; 
to impose controls on hospital revenues 
and expenditures; to revamp the Federal 
Drug Law; and to implement a national 
health insurance program. Our Govern- 
ment Relations Committee has actively 
and vigorously involved itself with both the 
legislative and executive Branches of the 
federal government in representing the 
interests of the members of the cardio- 
vascular community. To expedite and 
enhance this relation, the College's 
Government Relation Committee and 
Executive Committee held a series of 
meetings in Washington in February with 
key governmental and legislative leaders 
in the health area. Of particular interest 


* Modified from remarks at March 12, 1980 Convocation of the American College of Cardiology. 
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and concern to the College is the funding 
difficulties of the National Heart, Lung, and 
Blood Institute. In 1980, the Institute will 
be able to fund only 24 percent of its ap- 
proved investigator-initiated research 
grant applications and will have no sup- 
port for new clinical trials. Unfortunately, 
the outlook for 1981 is even worse, on the 
basis of budget proposals now current. 
These proposals would allow funding for 
only 20 percent of approved research 
grants and no support for new training 
awards or clinical trials, and the Institute 
would fund 300 fewer research grants 


than it did 3 years ago. This depressing 
forecast requires that the entire cardio- 
vascular community bring all the influence 
and leverage appropriate to reverse this 
downward trend in such funding. 

| accept the presidency of the Ameri- 
can College of Cardiology for 1980-1981 
with great pride and humility. To our new 
Fellows and their families | extend con- 
gratulations and a warm welcome. | urge 
you to accept the opportunities to become 
involved in College programs and activi- 
ties. You will make new worthwhile 
friends, enhance your professional abili- 


LEARNING CENTER: PROGRAM CALENDAR 
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ties and have numerous stimulating and 
rewarding experiences. The College has 
an enviable record among professional 
organizations for the willingness of its 
members to serve and become involved 
when requested. Political and economic 
events make the start of this decade one 
characterized by many unknown and new 
problems. Your willingness to become 
involved will aid all of us in our endeavor 
to meet the challenges of the 1980's. 

Robert O. Brandenburg, MD, FACC 

President 

American College of Cardiology 


The American College of Cardiology's newest department, the Learning 
Center, located at the College's Bethesda Maryland headquarters, began 
operations in October 1977 with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through July 1980, contact Program 
Ccordinator, Learning Center, American College of Cardiology, 9111 
Old Georgetown Road, Bethesda, Maryland 20014. Telephone (301) 
897-5400. 


Se i n d 


MAY THROUGH JULY 1980 


Month/Dates Program Director Title of Program 





May 1-3 Daniel S. Berman, MD Nuclear Cardiology 

May 5-7 Robert G. Tancredi, MD Management of Pulmonary, Renal and Electrolyte Disorders in Cardiac Patients 
May 12-14 Louis Lemberg, MD Cardiology Update for Intensive Care Unit Nurses 

May 19-21 Arthur E. Weyman, MD Cross-Sectional Echocardiography 

May 28-30 Elliot Rapaport, MD Cardiology for the Consultant 

June 2-4 Borys Surawicz, MD Advanced Cardiac Electrophysiology for Cardiologists 

July 14-16 Arthur D. Hagan, MD Fundamentals of Clinical Echocardiography for the Non-Echocardiographer 
July 24-26 Victor F. Froelicher, Jr., MD Exercise Testing 


and 
Paul L. Henry, MD 


30TH ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 
MARCH 15-19, 1981 SAN FRANCISCO, CALIFORNIA 
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CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 


To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

May Problems in Management of Valvular 
1-3 and Ischemic Heart Disease. Leonard 


G. Christie, Jr., FACC, Carl J. Pepine, 
FACC and C. Richard Conti, FACC, di- 
rectors. Harstan Convention Center, 
Innisbrook Resort and Golf Club, Tarpon 
Springs, FL 


MAY Fifth Annual Symposium on Cardio- 
3-6 vascular Nursing. Henry J. L. Marriott, 
FACC and Leo Schamroth, FACC, di- 
rectors. Carillon Hotel, Miami Beach, 


FL 
MAY Clinical Auscultation of the Heart. W. 
7-9 Proctor Harvey, FACC, director and 


Antonio C. deLeon, Jr., FACC and John 
F. Stapleton, co-directors. Georgetown 
University Medical Center, Washington, 
DC 


MAY THROUGH AUGUST 1980 


PERRO a MEM M MEL CERE er 


MAY Trends in Cardiology (With Emphasis 
on Coronary Atherosclerotic Heart 
Disease). J. Willis Hurst, FACC, director 
and Robert C. Schlant, FACC, co-di- 
rector. Sheraton Atlanta Hotel, Atlanta, 
GA 


MAY Acute Myocardial Infarction: Recog- 

15-17 nition—Management —Rehabilitation. 
Arthur Selzer, FACC and Keith E. Cohn, 
FACC, directors. The St. Francis Hotel, 
San Francisco, CA 


MAY Diagnosis and Treatment of Dysrhyth- 

21-23 mias in Children. Paul C. Gillette, FACC, 
Arthur Garson, Jr. and Dan G. McNa- 
mara, FACC, directors. Texas Children's 
Hospital, Houston, TX 


JUNE Cardiovascular Nuclear Medicine: 

5-7 1980. Lawrence S. Cohen, FACC, 
Alexander Gottschalk and Barry L. Zaret, 
FACC, directors. Yale University School 
of Medicine, New Haven, CT 


JUNE Frontiers in Coronary Artery Disease. 

9-11 Robert J. Capone, FACC, Richard A. 
Carlton and Richard S. Shulman, FACC, 
directors. Sheraton-Islander Inn, New- 
port, RI 


JUNE Seventh Annual Symposium on Clinical 

11-14 Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagen, FACC, director 
and Walter V. R. Vieweg, FACC, co- 
director. Sheraton Harbor Island Hotel, 
San Diego, CA 


AUG. Tutorials in the Tetons: Cardiac Emer- 

23-25 gencies—New Diagnostic and Thera- 
peutic Advances (Sixth Annual). Robert 
S. Eliot, FACC, director and Alan D. 
Forker, FACC and Gerald L. Wolf, co- 
directors. Jackson Lake Lodge, Moran, 
WY 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


THE WHOLE PAPER 


e Address manuscript to Managing Editor, 
American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10019. 

e Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 

e Number all pages in above sequence, be- 
ginning with title page as 1, abstract as 2, 
etc. 

e Type all matter: (1) on 8'/ X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side of each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, where 
applicable, FACC for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase ''Address for re- 
prints: . . ."" followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
Parkinson-White. 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532-5; and 
Lancet 1979:1:428-30. 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

* Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

e Use arrows to desigr.ate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e Identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum towarc 
reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants, Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 


For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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NCU Procan SR 


PROCAINAMIDE HYDROCHLORIDE TABLETS 


a therapeutic gap exists when 
conventional oral procainamide therapy is administered 
t greater than 3 hour intervals 


Adequate blood levels maintained only 2/3 of the 
ime during a Ó hour dosing interval 


Patient control may be threatened 


10 F Standard procainamide plasma levels (at steady 
state) following oral administration of a single 750mg dose* 


Elo avoid unacceptable fluctuations 
n the plasma levels of procainamide, the oral 
reparation available at present has tobe 
given at 5 h intervals . . . .'33 
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- Cuts the dosing frequency of conventional 
oral procainamide therapy in half 


- Promotes better patient compliance 


- Helps eliminate the therapeutic gap and 
maintains blood levels all day and all night 





Procan'" Sfi 


(PROCAINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analogue 
of procaine hydrochloride. €ach tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged releose 
of the drug in the gastrointestinal tract. Procan SR is 
available for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 
absence of any arrhythmia, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the ORS complex occurs 
most consistently; less regularly, the P-R and Q-T 
intervals are prolonged, and the QRS and T waves 
show some decrease in voltage. 


The sustained-release characteristic of Procan SR 
tablets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SR 
tablets given every six hours when compared 

with an equal total daily dose of Pronestyl* 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown. 


INDICATIONS 


Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTRAINDICATIONS 

It has been suggested that procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 





it has been suggested that, in a patient who is 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of L€ appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 

be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets ore a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 


hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
continued with Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
followed thereofter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses ot six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as o guide for providing the total daily 
dosage: patients weighing less than 55 kg (120 lb), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maintenance may then be continued with 

Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 

N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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It Sets The Standard For Years To Come 


Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
ing system. 


New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 
a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
standard mechanical lead selector switch. 


Simplicity of 
operation is achieved in the VS-550, from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a Switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 


SENSITIVITY | 


The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST" program. Most service adjustments 
can be made without disassembly. Downtime is 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 


first in electrocardiography 
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OMOVISION C 
New Dimension in 
Nuclear Imaging. 


Tomovision. As dramatic an 
advance over current nuclear 
tomography as tomography 
was Over planar imaging. 
Large organ and area studies 
are now possible. And 
Tomovision gives you clearer 
Images with more detail, 
fewer artifacts, and better 
contrast. How does it 
work? The real secret 
IS In our collimators 
and programming. 

To complement 
the 7 pinhole 
collimator, we 
designed a 


revolutionary Rotating Slant 
Hole Collimator. It works on 
Technicare's small field and 
large field gamma cameras. 
And gives you a field of view 
equal to the diameter of the 
collimator, beginning at the 
face of the $ camera. 


So you can see more than 
ever before. And more clearly 
than ever before. 

So the role of nuclear medi- 
cine in research and diagnosis 
nas suddenly expanded. Be- 
cause tomography is ready to 
augment the classic diagnostic 
procedures. Ready to become 
a routine diagnostic tool. 

All Tomovision equipment 
is manufactured by the 
Technicare Corporation. So 
we take care of it all. And 
were building our one source 
reputation with a commitment 
to excellence. Excellence in 
training of our field service 
engineers. Excellence in pro- 
viding prompt, local service 
throughout the nation. 
Tomovision is your assurance 
that nuclear tomography will 
deliver consistent, reliable 
performance for improved 
clinical confidence. 


TECHNICARE 


Technicare Corporation 
29100 Aurora Road 
Solon, Ohio 44139 
(216) 248-1800 
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If you wouldn't think of changing 


your brand of digitalis, shouldn t you 
think twice before switching from 








LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LAstx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^" 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIX®, changes in 
his cardiac regimen should be minimized. 


LASIx*—the diuretic with the best record 
of success in all degrees of congestive heart 


failure. 


LASIX? is the original brand of 
furosemide. It is LASIX® that established 
the standard for furosemide performance. 
It is LASIX® that is the subject of almost 
6,000 published papers. It is LAstx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsIx* that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 


HOECHST-ROUSSEL 
ES] PHARMACEUTICALS INCORPORATED 


SOMERVILLE, NEW JERSEY 08876 
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Specify LAsIX* brand of furosemide. To be sure the 
patient receives only LASIX*, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 





IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 





A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, If 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful mec- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 


WARNINGS: Excessive diuresis may result in dehydration and 


reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving ener agent 
Steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute hos been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
Should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
Sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may o metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
Clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 
tic use. 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antih nsive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, joundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, oplostic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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potassium chloride 
tor oral Solution 


20 mEq (1.5 g: KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KCI) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 10 mg. sodium. 


INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 


CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraindications.” 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 
per 20 g. dextrose, given I.V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cycle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6 gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with Ve glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
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SYNTEX PUERTO RICO, INC. 
HUMACAO, PUERTO RICO 00661 
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Trying to smother the taste of saltiness of potassium-chloride. Y 

potassium with sweet fruit flavorings It provides the potassium salt of 

never seems to work very well. It's choice—the chloride—as a 

like pouring salt straight into your powder that mixes quickly with ( atassium chloride 

orange juice—and just about as un- water, for the liquid dosage form [ 

drinkable for many patients. That's preferred for safety. Each | | | i 

when a matter of taste becomes easy-to-use packet contains Of ord SO ution) 20 mEq (1.5 g. KCI) 

a problem of compliance. 20 mEq potassium chloride, with Potassium with the tang of tomato. 
KATO® (potassium chloride for less than 5 mg sodium. roa 

oral solution) has the right kind of Offer your patients the tangy S SYNTEX 

taste, the fresh tomato tang that taste of KATO—the fruitless SYNTEX PUERTO RICO. INC 
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a new publication... 
for every professional with an 
interest in Exercise and the Heart 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
O Nuclear cardiology 
C) Computer analysis of the exercise ECG 
O Stress myocardial scintigraphy 
O Various interpretations of exercise tests in the asymptomatic 
population 
The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 
Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 





Yorke Medical Books AJC-5/80 
666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


O Full payment enclosed, publisher absorbs shipping cost 
(J Send invoice (U.S. and Canada only) 


(Countries outside Western Hemisphere: prepay in U.S. funds and add $5. to price) 
New York residents add applicable sales tax 


Name 
(please print) 


Address 





Aldactone 


(spironolactone) 


WARNING 
Spironolactone has been shown to be a 
tumorigen in chronic toxicity studies in rats 


(see Warnings). Aldactone should be used only 
in those conditions described under Indica- 
tions. Unnecessary use of this drug should be 
avoided. 





Indications: Diagnosis and treatment of primary 
hyperaldosteronism. Essential hypertension, edema of 
congestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 
the liver accompanied by edema and/or ascites 
Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, 
significant impairment of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause 
hyperkalemia. Potassium supplements should not be given 
with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. In one study using 25, 75, 
and 250 times the usual daily human dose (2 mg. /kg.) there 
was a statistically significant dose-related increase in be- 
nign adenomas of the thyroid and testes. In female rats 
there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only In male rats there 
was a dose-related increase in proliferative changes in the 
liver. At the highest dosage level (500 mg. /kg.) the range of 
effects included hepatocytomegaly hyperplastic nodules 
and hepatocellular carcinoma; the last was not statistically 
significant. 

Precautions: Patients should be carefully evaluated 
for possible disturbances of fluid and electrolyte balance. 
Hyperkalemia may occur in patients with impaired renal 
function or excessive potassium intake and can cause car- 
diac irregularities which may be fatal. Hyponatremia may 
be caused or aggravated, especially when Aldactone is 
administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs should be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced. 

Spironolactone may cross the placental barrier Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently. Gastrointestinal symptoms including cramp- 
ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever ataxia, inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
Ro ani of the voice. Carcinoma of the breast has been 
reported but a cause-and-effect relationship has not been 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for 
three to four weeks (long test), or for four days (short test). 
For preparation for surgery or for long-term maintenance 
therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily If 
after five days an adequate diuretic response has not oc- 
curred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone 
should remain unchanged when other diuretic therapy is 
added. 

For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dos- 
age of 50 to 100 mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 
patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEAR Searle & Co. 
San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110, Chicago, Illinois 60680 


When other measures are considerec 
inadequate or inappropriate 


Aldactone, 


(spironolactone 25 mg) 


The uncomplicator 
in CHFtherapy 


[v] Aldactone, an effective diuretic in its own 
right, also enhances the efficacy of other 
diuretic agents. 


C L nique potassium-regulating 

mec m of Aldactone can prevent hypo- 
kalemia with limited risk of hyperkalemia. This 
helps protect your patient from digitalis- 
induced arrhythmias. 


[V Unlike other potassium-sparers, Aldactone 


specifically antagonizes aldosterone, thereby 
mitigating secondary volume buildup. 


For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHE 


Limitations to Consider: Spironolactone has 
been shown to be a tumorigen in chronic 
toxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
considered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
Aldactone prescribing information.) 


Before prescribing, please consult the complete 
prescribing information, a brief summary of which 
appears on the preceding page. 


SEARLE Searle & Co. 


San Juan, Puerto Rico 00936 


"Round-the-house" edema, 
electrolyte washout, subtle 
secondary volume buildup 
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Announcing 
the SKI M-mode to Real-time 
Conversion Program. 


A unique opportunity for Ye) witha full one-year warranty 
owners of the Ekoline 20A. — . . . ataprice which is bound to 
VIP e —. match your needs and budget. 








There'll never be a better 

time to expand your M-mode 
^'system to scanning. 

Here's what we'll do to help. 

We will exchange your Eko- For more details, call toll-free 
line 20A M-mode system for a 800-538-1556. In California, call 
new factory assembled and calibrated Eko- collect 408-732-6000. Or return this coupon. 
Sectorl'two-dimensionalscanning system =m mem mem m m m m m m m m m m m 


Sii 


a SmithKline company 


Take advantage of this 
special offer today. 





SmithKline Instruments, Inc. 
880 West Maude Avenue 
Sunnyvale, CA 94086 





Please contact me immediately with 
complete information about your 
M-mode to EkoSector I Conversion 
Program. Please phone me at ( ) 
to arrange a time. 





Name 


Hospital/Clinic 





Street 
City State Zip 


Other SmithKline offices: Australia— 
Brookvale, N.S. W.; Canada — Mississauga, 
Ontario; Latin America/Far East — 
sunnyvale, California; England —Welwyn 
Garden City, Hertfordshire. 





. For ventricular arrhythmias. 
_ For atrial arrhythmias. 


For smooth, trouble-free conversion. N 


For steady maintenance. 


41 Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
g Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. ort.i.d. dosage of this unique polygalacturonate 
Salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medica! 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY -INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atríal 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or fiutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate, DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Ve to 1 tablet (137.5 to 275 mg.) and administered thréb- to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated. scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 211278 
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Exercise Nuclear Imaging in Coronary Artery Disease 
Repetitive Ventricular Hesponses in Ventricular Tachycardia 
Volume Indexes 
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Canan antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOMET CAN 


(METHYLDOPA|MSD) 








ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 


Copyright © 1979 by Merck & Co., Inc. 


Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 
(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac function 
and lowers blood pressure usually without reducing 
cardiac output. Rather, it appears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tends to 
increase). 


Hemodynamic Changes as Hypertension Progresses* 


Borderline Established Congestive 
hypertension hypertension heart failure 


Normal 





E Peripheral resistance 


TU Cardiac output 


*adapted from Messerli and de Carvalho' 


This may be particularly important in hypertensives 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET. This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued. 


TABLETS: 500 mg, 250 mg. and 125 mg 


ALDOMET 


(METHYLDOPA|MSD) 


® The most 
prescribed 
nondiuretic 
antihypertensive 
in the U.S. today 
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Canan antihypertensive NG: 
be effective usually with- 
out further reducing 

“renal blood flow? 


ALDOMET CAN 
(METHYLDOPA|MSD) 


Glomerular filtration rate, 
filtration fraction, and 
renal blood flow are 
usually not reduced; 
therefore, ALDOMET is 
appropriate for many 
hypertensive patients 
with significantly im- 
paired renal function. Since the drug is largely 
excreted by the kidney, patients with impaired renal 
function may respond to smaller doses. 


Will an antihypertensive 
generally allow a normal 
cardiovascular response 
to exercise? 


ALDOMET WILL 
(METHYLDOPA|MSD) 


Cardiac output and blood pressure normally increase 
as the physical activities of the patient increase. 
ALDOMET does not significantly impair normal fluc- 
tuations of blood pressure during exercise.?3 
This can be of importance to active hypertensive 
patients — such as athletic individuals or persons 
whose work requires substantial physical effort. With 
ALDOMET, exercise hypotension rarely occurs. 
sedation, usually transient, may occur during the 
initial period of therapy or whenever the dose is 
increased. Headache, asthenia, or weakness may be 
noted as early and transient symptoms. 





" Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


ETRY OOF MSD) 





A recent study’ followed a group of patients on 
ALDOMET for ten years or more. The results suggest 
that ALDOMET is a highly effective medication for 
the long-term management of hypertension. 


It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur 
with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 
potentially fatal complications unless properly recog- 
nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979 

2. Yasky J, Carosella C. Costa 0: Diagnosis of arterial hypertension by means of graduated ergometric test, 

in Zanchetti, A (ed): ALDOMET® "frd sd in Worldwide Clinical Experience, West Point, Pa, Merck 

Sharp & Dohme, 1979, pp 56-63 

3. Mancia G, Ferrari A, Gregorini G, et al: Effects of treatment with methyldopa on basal hemodynamics and on 

neural circulatory control, in Zanchetti, A (ed): ALDOMET* JT RDUM in Worldwide Clinical 

Experience, West Point, Pa, Merck Sharp & Dohme, 1979, pp 2 

4. Bulpitt CJ. Bulpitt PF Clifton P et al: Review of case fis oe d paints maintained on methyldopa for 10 
rs or more, in Zanchetti, A (ed): ALDOMET* + cl in Worldwide Clinical Experience, West 
oint, Pa, Merck Sharp & Dohme, 1979, pp 164-16 


MSD merck SHARP & DOHME 


For a brief summary of prescribing information, please see following page. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to MNT fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy. 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy. itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs. the 
Cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
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`, ALDOMET 
^- (METHYLDOPA|MSD) 


"4 The most prescribed 
nondiuretic antihypertensive 


| inthe U.S. today 


match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions: periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum creatinine by the alkaline picrate method. and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itisimportant to recognizethis phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or ana a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets. containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 500. M S D 


For more detailed information, con- 
ERCK 
HA x 
HM 





sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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A new shape in cardiac pacing comes to life. cord i 
Gamma Y 10 mm thin, 41 grams light. " 
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Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Kiorvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochioride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
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INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 
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mined, it is prudent to proceed cautiously in undertaking potas- 
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when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
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mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
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spoonful (15 ml) completely diluted in cold water 2 to 4 times 
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Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
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must be treated immediately because lethal levels can be 
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of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules— packages of 
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Even among patients with DBP in the low 90s, 
systematic therapy significantly 
reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertension 
Detection and Follow-up Program, slightly more than 70% had 
mild hypertension (DBP 90-104 mm. Hg).' m 


m Half were given systematic and aggressive care in HDFP cerf- 
ters; half were referred to customary sources of medical care. 


m After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 20%." 


€ As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton®? 


The primary agent used by the HDFP 
in an effective low dose 
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(cniorthalidone USP) 


Because there's nothing mild 
about mild hypertension 


BRIEF SUMMARY related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria. hypersensitivity to evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
disease, impaired hepatic function or progressive liver disease May add to or potentiate the action of other drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 

There is a possibility of exacerbation or activation of Systemic lupus erythematosus with thiazides, which are pancreatitis; dizziness, vertigo, paresthesias, headache. xanthopsia; leukopenia, agranulocytosis, 

related to chiorthalidone. This has not been reported with chlorthalidone Thiazides cross the placental barrier and thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against (cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly oe aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier hyperuricemia, muscle spasm, weakness, restlessness. impotence. Whenever adverse reactions are moderate or 
and appear in breast milk. If use of the drug is essential, the patient should Stop nursing Severe, Chlorthalidone dosage should be reduced or therapy withdrawn. 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be Usual Dose: One tablet daily. How Supplied: Tablets— 1 mg. (white, scored), 50 mg. (aqua) in bottles of 100. 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 1000 and 5000; 25: mg. (peach) in bottles of 190 and 1000: unit-dose blister packs, boxes of 100 (10 x 10 strips) 
fluid or electrolyte imbalance: namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 

electrolyte determinations are particularly important when the patient i$ vomiting excessively or receiving References: 

parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 


with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562. Dec. 7. 1979. 2. Payne, G.H.: 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake Presentation of HDFP findings (Nov. 27, 19791, data on file, USV Laboratories 

will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generaily mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients, Insulin requirements in diabelic patients may be increased, decreased. or unchanged and latent diabetes AUS USV Laboratories Inc. 


mellitus may beccme manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine PATO : 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and (ABO, FES Manati, P.R. 00701 
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CLINICAL STUDIES 


1113 Comparison of Exercise Radionuclide Angiocardiography and Thallium-201 Myocardial Perfusion 
Imaging in Coronary Artery Disease 


DAVID E. JOHNSTONE, MILTON J. SANDS, HARVEY J. BERGER, LAWRENCE A. REDUTO, ANTHONY 
S. LACHMAN, FRANS J. Th. WACKERS, LAWRENCE S. COHEN, ALEXANDER GOTTSCHALK and 
BARRY L. ZARET with the technical assistance of LINDA PYTLIK 


First pass radionuclide angiocardiography and thallium-20 1 myocardial perfusion imaging performed at rest and 
during exercise in 48 patients with chest pain (39 with angiographically documented coronary artery disease and 
9 with normal coronary arteries) disclosed 62 percent had new or augmented thallium-201 perfusion defects 
whereas 85 percent demonstrated abnormal left ventricular reserve with exercise. Exercise-induced regional 
wall motion abnormalities occurred predominantly in patients who also had myocardial perfusion defects. The 
reduction in ejection fraction from rest to exercise was significantly greater in patients with an abnormal exer- 
cise thallium study than in those with a normal study. These data suggest that assessment of left ventricular per- 
formance during exercise should be the initial radionuclide examination in a patient with suspected coronary ar- 
tery disease, especially when exercise tolerance is limited. 


1120 Prognostic Significance of Preoperative Left Ventricular Ejection Fraction and Valve Lesion in 
Patients With Aortic Valve Replacement 


ROBERT FORMAN, BRIAN G. FIRTH and MARIUS S. BARNARD 


In this study of 229 patients before and after aortic valve replacement, the preoperative left ventricular ejection 
fraction, cardiac index and left ventricular end-diastolic pressure were found not to affect the 3 year postopera- 
tive survival rate in patients with aortic stenosis and mixed aortic valve disease. Patients with aortic regurgitation 
and a left ventricular ejection fraction of less than 0.50 had a significantly poorer 3 year survival rate (64 + 10 
percent) than patients with aortic regurgitation and an ejection fraction of 0.50 or more (91 + 8 percent). These 
and other observations indicate it may be advisable to monitor left ventricular ejection fraction noninvasively in 
patients with aortic regurgitation and to advise aortic valve replacement before the ejection fraction becomes 
severely depressed. 


1126 Repetitive Beating After Single Ventricular Extrastimuli: Incidence and Prognostic Significance in 
Patients With Recurrent Ventricular Tachycardia 


JAY W. MASON 


Repetitive ventricular beating in response to programmed single ventricular extrastimuli delivered during sponta- 
neous rhythm occurred in only 9 (15 percent) of 59 patients with recurrent ventricular tachycardia as a result of 
bundle branch reentry in 4 and other mechanisms in the 5 other subjects. No significant difference in the inci- 
dence of sudden death was noted in patients with and without repetitive beating. The repetitive response to sin- 
gle ventricular extrastimulation is infrequent in patients with recurrent ventricular tachycardia. Repetitive beating 
is not a prognostic indicator or an indicator of vulnerability to ventricular tachycardia. Use of the repetitive ven- 
tricular response to V; stimulation is not recommended as a method for assessing vulnerability to arrhythmias, 
prognosis or therapy in patients with recurrent ventricular tachycardia. 


continued on page A16 
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Medtronic leads the way . 

to man’s heart with an amazing 

family of new pacing products 
including Spectraf lex 








ex leads. 


Spectraflex...a series of new transvenous, 
tined, urethane, ventricular leads from 
Medtronic...part of the sophisticated new 
Spectrax™ product family for a broad variety 
of applications in pacing therapy. Spectraflex 
leads are amazingly thin. Choose from dif- 
ferent stylets for the degree of flexibility you 
prefer. 

Spectraflex leads are compatible with all 
Spectrax pacemakers including the Spec- 
trax-VL and the Spectrax-SX. Spectrax-VL is 
a small, simple, demand pacemaker for longer 
service life. Spectrax-SX is the smallest, most 
versatile programmable pacemaker yet for 
precise noninvasive adjustment of rate, pulse 
width, sensitivity, refractory period, hys- 
teresis, pulse amplitude and pacing modes. 
Both pacemakers have the Medtronic Pacing 
for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive versatility can make possible a 
more comfortable, normally active life for 
many patients. 





...broadening the spectrum of precise patient management 





A Medtronic’ 


...leading the way to man's heart 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
erie for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings — Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted priorto failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects— Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic? pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occurif the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
Een labeling for a complete list of warnings and precau- 
ions. 


Aldactone” 


(spironolactone) 


WARNING 
Spironolactone has been shown to be a 
tumorigen in chronic toxicity studies in rats 


(see Warnings). Aldactone should be used only 
in those conditions described under Indica- 
tions. Unnecessary use of this drug should be 
avoided. ; 


Indications: Diagnosis and treatment. of primary 
hyperaldosteronism. Essential hypertension, edema of 
congestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 
the liver accompanied by edema and/or ascites. 
Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, 
significant impairment of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause 


hyperkalemia. Potassium supplements should not be given 


with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. In one study using 25, 75, 
and 250 times the usual daily human dose (2 mg. /kg.) there 
was a statistically significant dose-related increase in be- 
nign adenomas of the thyroid and testes. In female rats 
there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only In male rats there 
was a dose-related increase in proliferative changes in the 
liver At the highest dosage level (500 mg. /kg.) the range of 
effects included hepatocytomegaly hyperplastic nodules 
and hepatocellular carcinoma; the last was not statistically 
significant 

Precautions: Patients should be carefully evaluated 
for possible disturbances of fluid and electrolyte balance. 
Hyperkalemia may occur in patients with impaired renal 
function or excessive potassium intake and can cause car- 
diac irregularities which may be fatal. Hyponatremia may 
be caused or aggravated, especially when Aldactone is 
administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs should be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced 

Spironolactone may cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing Should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently Gastrointestinal! symptoms including cramp- 
ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever, ataxia,. inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
AE of the voice. Carcinoma of the breast has been 
reported 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. - 

Dosage and Administration |j 

For primary hyperaldosteronism: 400 mg. daily fo 
three to four weeks (long test), or for four days (short test). 
For preparation for surgery or for long-term maintenance 
therapy, 100 to 400 mg. daily 

For edema in adults: Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily If 
after five days an adequate diuretic response has not oc- 
curred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone 
should remain unchanged when other diuretic therapy is 
added. 

For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg. /kg.) in divided doses. 

For essential hypertension: initial adult daily dos- 
age of 50 to 100 mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 
patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEAR Searle & Co. 
San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110, Chicago, Illinois 60680 
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inadequate or inappropriate 


DOWN an effective diuretic in its own 
right, also enhances the efficacy of other 
diuretic agents. 


Lp unique potassium-regulating 
mechanism of Aldactone can prevent hypo- 
kalemia with limited risk of hyperkalemia. This 
helps protect your patient from digitalis- 
induced arrhythmias. 


E Unlike other potassium-sparers, Aldactone 
specifically antagonizes aldosterone, thereby 
mitigating secondary volume buildup. 


For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHF 


Limitations to Consider: Spironolactone has 
been shown to be a tumorigen in chronic 
toxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
considered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
Aldactone prescribing information.) 


Before prescribing, please consult the complete 
prescribing information, a brief summary of which 
appears on the preceding page. 


SEA RLE Searle & Co. 


San Juan, Puerto Rico 00936 
070 


“Round-the-house” edema, 
electrolyte washout, subtle 
secondary volume buildup 
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1132 Electrocardiographic Exercise Testing and Ambulatory Monitoring to Identify Patients With Ischemic 
Heart Disease at High Risk of Sudden Death 


LJUDMILA A. IVANOVA, NIKOLAI A. MAZUR, TATIANA M. SMIRNOVA, ALEXANDER B. SUMAROKOV, 
VLADIMIR A. NAZARENKO and ELENA A. SVET 


This study of 144 patients with established ischemic heart disease suggests that ambulatory electrocardiograph- 
ic monitoring and exercise testing provide different prognostic information and may complement each other in 
identifying potential victims of sudden cardiac death. Combinations of exercise variables identified patients at 
a very high risk of sudden death, whereas combinations of monitoring variables appeared preferable for defining 
groups of patients at very low risk. Patients with the poorest prognosis were those who stopped exercise before 
achieving a high heart rate and electrocardiographic abnormalities during stress testing or complex ventricular 
arrhythmias during ambulatory monitoring. Exercise-induced electrocardiographic abnormalities were of no 
prognostic value when they developed during a test terminated at a high heart rate. This finding supports the use 
of submaximal rather than maximal exercise testing in patients with established ischemic heart disease. 


1139 Effect of Turbulent Blood Flow on Systolic Pressure Contour in the Ventricles and Great Vessels: 
Significance Related to Anacrotic and Bisferious Pulses 


HANI N. SABBAH, EDWARD F. BLICK, DANIEL T. ANBE and PAUL D. STEIN 


Hemodynamic observations in this study of 64 patients undergoing diagnostic cardiac catheterization showed 
a consistent association of the intracardiac murmur, which indicates turbulence, with a transient reduction of the 
centrally recorded systolic pressure. The resultant abnormal systolic pressure contour can be best explained on 
the basis of fluid dynamics related to turbulence. In all patients the beginning of this systolic decrease in pres- 
sure coincided with the onset of the high amplitude component of the murmur. The duration of this decrease cor- 
responded with duration of the murmur, with the maximal decrease coinciding with the high amplitude portion 
of the murmur. In the presence of cardiac disorders such as valve stenosis and regurgitation, subvalve obstruc- 
tions and certain congenital cardiac disorders, turbulent flow can cause significant alterations of the systolic 
contour of central pressure. 


1148 Cycle Length in Atrioventricular Nodal Reentrant Paroxysmal Tachycardia With Observations on the 
Lown-Ganong-Levine Syndrome 


ROBERT A. BAUERNFEIND, BRONTE F. AYRES, CHRISTOPHER C. WYNDHAM, RAMESH C. DHINGRA, 
STEVEN P. SWIRYN, BORIS STRASBERG and KENNETH M. ROSEN 


Electrophysiologic studies of 65 patients with dual pathway atrioventricular (A-V) nodal reentrant paroxysmal 
tachycardia indicate that the cycle length of this tachycardia is a function of the slow path P-R and A-H intervals 
and not those during sinus rhythm. Identification of a short P-R interval in such patients has little significance. The 
short P-R interval probably does not designate the presence of a distinct subgroup of patients but rather one end 
of a continuous spectrum of A-V nodal conduction times. The 17 percent incidence rate of a short P-R interval 
in this series, probably higher than that expected in the general population, might imply that patients with a short 
P-R interval have a larger incidence of A-V nodal reentrant paroxysmal tachycardia than patients with a normal 
P-R interval. If true, the pathophysiologic mechanism for this association is unclear. 


1154 Effect of Brief and Prolonged Exercise on Left Ventricular Function 


MARK T. UPTON, STEPHEN K. RERYCH, JOHN R. ROEBACK, Jr., GLENN E. NEWMAN, JAMES M. 
DOUGLAS, Jr., ANDREW G. WALLACE and ROBERT H. JONES 


Measurements of left ventricular function during brief and prolonged upright exercise in nine healthy young men 
with use of radionuclide angiography showed that the Starling mechanism is operative during submaximal and 
maximal upright exercise in man. Cardiac output increased as a result of a large increase in heart rate and a 
moderate increase in stroke volume. A higher ejection fraction and a larger end-diastolic volume contributed to 
the increase in stroke volume. These measurements were greater during brief maximal than during prolonged 
submaxillary effort. Although the subjects achieved the same heart rate of 180 beats/min during maximal effort 
at the conclusion of both exercise periods, cardiac output increased by 15 percent during the brief exercise peri- 
od primarily because of a larger end-diastolic volume. The ejection fraction was slightly increased probably be- 
cause of enhanced myocardial contractility. Since fluid loss during prolonged exercise limited maximal cardiac 
output, avoidance of dehydration during prolonged exercise may be expected to improve cardiac performance. 


continued on page A21 
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SORBIDE DIN 


mg. or Omg. 


dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 


Indications: Based on a review of this drug by The 
National Academy of Sciences— National Re- 
search Council and/or other information, FDA has 
classified the indications as follows; 

“Probably” effective: The chewable dosage form 


of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 





Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur. 

Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine. histamine and other 
agents. 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 





severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack 

CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener 

ally reported range of these values for CHEWABLE 
SORBITRATE 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 
Division of IC! Americas Inc 
Wilmington, DE 19897 


The right ingredients 
for antihypertensive 
harmony 











Attuned to patient needs Fewer discordant side effects 


Administered concomitantly, Apresoline avoids many of the 
Apresoline plus a beta blocker and problems associated with some adrenergic 
diuretic constitute a harmoniously bal- inhibitors. Sexual dysfunction, drowsi- 
anced therapeutic regimen—both from ness, lethargy, and sedation are virtually 
the standpoint of their antihypertensive unknown. Postural hypotension is rare. 
properties and side effects. As with any antihypertensive agent, 

As a vasodilator, Apresoline corrects use with caution in patients with ad- 
the arteriolar vasoconstriction almost vanced renal damage. Contraindicated 
invariably present in long-standing in coronary artery disease. 


hypertension. On the other hand, beta 
blockers specifically lower heart rate 
and cardiac output, which tend to rise 
through reflex action with vasodilation. 
The diuretic compensates for the ten- 
dency of vasodilators to retain sodium 
and extracellular fluid. 


After a diuretic... 





resoline 


(hydralazine) 








the beta blockers 


matio 


CIBA 


Please turn page for brief prescribing infor 


Apresoline? hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 






Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The "hyperdynamic' circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 
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The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthma) 
In certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
some Cases it may be necessary to discontinue the 
drug. 

Common: Headache; palpitations; anorexia; 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris 

Less frequent: Nasal congestion; flushing; lacrima- 
tion, Conjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema: 
dizziness; tremors; muscle cramps; psychotic reac- 
tions characterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea: paralytic ileus; 
lymphadenopathy; splenomegaly; blood dys- 
crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response. 

DOSAGE AND ADMINISTRATION 

Initiate therapy in gradually increasing dosages; 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 

The incidence of toxic reactions, particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug 
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Consult complete product literature before 
prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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1161 Percutaneous Transluminal Coronary Angioplasty: Its Potential Impact on Surgery for Coronary Artery 
Disease 


ROBERT l|. HAMBY and STANLEY KATZ 


Evaluation of 500 consecutive patients with intractable anginal symptoms indicates that percutaneous translumi- 
nal coronary angioplasty may be suitable in only 8 to 10 percent of such patients considered suitable for coro- 
nary bypass surgery. Realistically, this frequency of candidacy for percutaneous transluminal coronary angio- 
plasty overestimates the number of potentially successful procedures since this procedure may fail in 30 to 35 
percent of patients and emergency surgery may be required in 4 to 6 percent. Nevertheless, the impact will be 
significant because of the large number of patients who may undergo this procedure annually. A positive lesion 
most appropriate for this procedure is one that is proximal in location, discrete, segmental, subtotal, concentric, 
noncalcific and stenotic. An ideal patient is one with such a positive lesion in all operable coronary arteries. 
These patients are characterized by a wide age range (32 to 76 years), a short duration of symptoms (1 year or 
less in 60 percent) and a very low incidence rate (15 percent) of transmural myocardial infarction. 


EXPERIMENTAL STUDIES 


1167 Natural and Evoked Atrial Flutter Due to Circus Movement in Dogs: Role of Abnormal Atrial Pathways, 
Slow Conduction, Nonuniform Refractory Period Distribution and Premature Beats 


JOHN P. BOINEAU, RICHARD B. SCHUESSLER, CHARLES R. MOONEY, CAREY B. MILLER, ANITA C. 
WYLDS, ROGER D. HUDSON, JOSEPH M. BORREMANS and CHARLES W. BROCKUS 


Experimentally obtained data in one dog with naturally occurring atrial flutter and in a series of normal dogs in 
which the extrastimulus technique was used to evoke runs of repetitive atrial activity simulating but unlike true 
atrial flutter demonstrate that atrial flutter results from a combination of three interacting factors: (1) an atrial 
premature beat, (2) uniform distribution of atrial refractory periods, and (3) slow conduction of the circus wave 
initiated by factors 1 and 2. The data provide strong circumstantial evidence in support of circus motion and 
reentry as the basis of true atrial flutter and evoked repetitive activity. The basic substrate for atrial flutter in the 
one dog where it occurred naturally was hypoplasia of the right atrial myocardium with discontinuities of the cris- 
ta terminalis and superior interatrial band. The potential for flutter resides in the existence of a congenital or ac- 
quired structural discontinuity in atrial muscle bands resulting in slow propagation of the impulse. 


1182 Reflex Heart Block: Baroreflex, Chemoreflex and Bronchopulmonary Reflex Causes 
THOMAS N. JAMES, FERDINAND URTHALER and GILBERT R. HAGEMAN 


This experimental study of three different vagal reflexes induced in dogs by (1) the Marey response during hyper- 
tension caused by the injection of methoxamine, (2) a cardiogenic hypertensive chemoreflex activated by injec- 
tion of serotonin in the left atrium, and (3) the Hering-Breuer reflex during normal respiration of unanesthetized 
dogs show transient heart block is to be anticipated during reflexes with vagal efferent components if for any 
reason the sinus node is incapable of slowing suitably. Reflex heart block is a dramatic example of cardiac elec- 
trical instability. In human subjects prolonged reflex heart block could cause syncope simply by temporarily 
stopping ventricular contraction and leading to transient hypotension and cerebral anoxia. Dropped beats may 
be the expression of reflex heart block when the sinus node is effectively denervated by disease or by the normal 
aging process. 


1189 Attenuation by Magnesium of the Electrophysiologic Effects of Hyperkalemia on Human and Canine 
Heart Cells 


LEON F. KRAFT, RICHARD E. KATHOLI, W. THOMAS WOODS and THOMAS N. JAMES 


On the basis of electrocardiographic changes during hyperkalemia studied prospectively in 11 patients, of whom 
4 had hypermagnesemia, and action potentials in canine heart cells exposed to concentrations of these two cat- 
ions comparable with those observed in the patients, this report concludes that the heart cells of patients with 
high serum levels of Mg++ were less sensitive to an increase in K+ than were these of patients with lower Mg++ 
and that Mg++ attenuated the electrophysiologic response to elevated K+. Some of the characteristic K+-in- 
duced changes in transmembrane potential failed to develop fully when the concentration of Mg++ was elevated 
in the canine heart cell studies. 


continued on page A26 
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Thanks to a CyberLith™ 
pacemaker Connie's life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON'T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women's basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school's 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie's pulse just to experience what they term 
the pacemaker "click-in." A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don't 
consider her to be "fragile or different." 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie's CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


+ Intermedics Inc. 


PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life.™ 


CyberLith™ is a trademark of Intermedics, Inc., Freeport, TX. 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S. A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 


Intermedics Inc. 


Our business is life ™ 
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CONTRAINDICATIONS: 
Aberrant impulses and abnormal 
should not be treated with quinidine. 
Partial A-V or complete heart block, or 
especially those exhibiting a marked 
grade of QRS widening. 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
tachycardia or flutter while on the drug. 
Marked cardiac enlargement, particu- 
function, and especially renal tubular 
acidosis. 
quinidine. 
WARNINGS: 
xe to sinus rhythm may be preceded 
a evo reduction in the degree 
tremely rapid ventricular rate. 
PRECAUTIONS: 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
should constantly be considered, espe- 
cially during the first weeks of therapy. 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
It should be administered cautiously. 
if at all, to senile patients. 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
patients who present an increased risk. 
ADVERSE REACTIONS: 
ears, headache, nausea, distu 
vision may ap in sensitive patients 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, -ventricular 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea. 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope, dis- 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
intense pruritus. 
E Lath emet Reactions: Angio- 
lar collapse. respiratory arrest. 
See package insert for full information. 


(quinidine gluconate te 
rhythms due to escape mechanisms 
intraventricular conduction defects, 

Renal disease ne in significant 
ventricular premature beats, ventricular 
larly with congestive failure, r renal 

Idiosyncrasy or hypersensitivity to 
In the treatment of atrial flutter, rever- 

Ql A.V block to à 1:1 ratio resulting in an 
The precautions to be observed include 
quinidine sulfate should be adminis- 
tivity to quinidine, although rare, 
Quinidine in large doses may reduce the 
using the drug in patients with severe 
tages and benefits must be weighed. 

Hospitalization for close clinical observa- 
cated when large doses are used or with 
Symptoms of cinchonism, ringin ging in 
after a single dose of the drug. 
ectopic beats, idioventricular rhythms 
arterial embolism, hypotension. 
Hematologic: Acute hemolytic anemia, 
Central Nervous System: Headache, 
turbed hearing (tinnitus, decreased 
color perception, reduced vision fields, 
Dermatologic: Cutaneous flushing with 

ema, acute asthmatic episode, vascu- 
pun s AO 


Cedar Knolls, New Jersey 07927 
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when the arrhythmic patient 
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1196 Digoxin-Quinidine Interaction: Changes in Canine Tissue Concentration From Steady State With 
Quinidine 


JAMES E. DOHERTY, K. DAVID STRAUB, MARVIN L. MURPHY, NEIL de SOYZA, JOE K. BISSETT 
and JAMES J. KANE 


The simultaneous administration of quinidine and tritiated digoxin in dogs produced a significant rise in the serum 
levels of digoxin and a significant decrease in tissue concentration of digoxin in all tissues except the brain 
where the tissue level increased 51 percent over that in control digitalized dogs. The data are consistent with the 
hypothesis that the toxic manifestations of digoxin may be neurally mediated. The symptoms and signs of digital- 
is toxicity associated with digoxin-quinidine interaction appear to be associated with rising brain levels of digoxin 
and fall of myocardial levels. The increase in serum concentration of digoxin is consistent with displacement of 
digoxin from its sodium-potassium-adenosine triphosphatase receptor by quinidine except in the brain. Digoxin, 
in addition to being slow to achieve a Steady state in the brain, is also rather slow to leave brain tissue. Because 
of these results, it seems prudent to prescribe a reduced dose of digoxin before initiating concomitant quinidine 
therapy. 


1201 Effects of Selected Drugs on Serum Digoxin Concentration in Dogs 
R. DOUGLAS WILKERSON, PETER B. MOCKRIDGE and GEORGE K. MASSING 


When administered concurrently with digoxin, quinidine, quinine, aspirin, ibuprofen and indomethacin but not 
acetaminophen significantly increased the serum digoxin concentration in dogs and may potentially increase the 
toxicity of this agent. After aspirin (650 mg 4 times daily) was given, animals with salicylate serum levels of less 
than 15 ng/100 ml exhibited no elevation in serum digoxin concentration, but those with levels of 15 to 30 ng/ 
100 ml did. The dosage of aspirin typically utilized for analgesic activity may not be expected to have adverse 
effects on the serum digoxin concentration, but antiinflammatory dosage regimens may. This elevation in serum 
digoxin concentration produced by these drugs was due, at least in part, to a reduction in digoxin clearance. 
These findings still require confirmation in human beings, but théy indicate that caution should be used in admin- 
istering large doses of nonsteroidal antiinflammatory drugs in conjunction with cardiac glycosides in man. 


METHODS 


1211 Left Ventricular Regional Wall Motion Assessment by Multigated and End-Diastolic, End-Systolic 
Gated Radionuclide Left Ventriculography 


ROBERT D. OKADA, GERALD M. POHOST, ALLEN B. NICHOLS, KENNETH A. McKUSICK, H. WILLIAM 
STRAUSS, CHARLES A. BOUCHER, PETER C. BLOCK, SIMON V. ROSENTHAL and ROBERT E. 
DINSMORE 


Assessment of the validity and accuracy of three methods of gated cardiac blood pool imaging for the determina- 
tion of regional wall motion in 124 patients undergoing contrast left ventriculography demonstrated similar levels 
of diagnostic accuracy for the three radionuclide blood pool imaging techniques in predicting abnormal wall mo- 
tion on contrast ventriculography. The agreement between multigated blood pool imaging and contrast ventricu- 
lography in the evaluation of regional wall motion ranged from 88 percent for the anterolateral wall to 82 percent 
for the apical wall when agreement was defined as a difference in score within +1 grade. Multigated cardiac 
blood pool imaging is a valid and accurate noninvasive means of detecting left ventricular regional wall motion 
abnormalities. End-diastolic, end-systolic gated blood pool imaging can be reliably used for regional wall motion 
determination when the equipment necessary for multigated acquisition is not available. 


1219 Noninvasive Beat to Beat Monitoring of Left Ventricular Function by a Nonimaging Nuclear Detector 
During Premature Ventricular Contractions 


EDWALDO E. CAMARGO, KATHARINE S. HARRISON, HENRY N. WAGNER, Jr., MICHEL H. 
BOURGUIGNON, PHILIP R. REID, PHILIP O. ALDERSON and RONALD H. BAXTER 


Using a specially designed radionuclide cardiac probe to evaluate beat to beat changes in left ventricular perfor- 
mance caused by premature ventricular contractions these investigators found premature ventricular contrac- 
tions manifested end-systolic volumes greater than, equal to or less than those of sinus beats. In the compensa- 
tory sinus beat stroke volume and ejection fraction were 20 + 27 percent and 26 + 12 percent higher, respec- 
tively, than those in the sinus beats while their filling volume equalled that of the sinus beats. These data suggest 
that an increased force of left ventricular contraction is more important than increased left ventricular volume 
as a compensatory mechanism for the hemodynamic changes caused by the premature ventricular contractions. 
Beat to beat monitoring of the performance of the left ventricle during premature ventricular contractions ap- 
pears to have potential clinical usefulness. 


continued on page A32 
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Fig. 1 
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Fig. 4 


TM 
I. Figure l is a pre-stress CKG (Cardiokymo- 

graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

[J A. normal systolic inward motion 

CJ B. midsystolic bulging 

O C. holosystolic outward motion 

O D. other 


Il. Figure 2 is a two minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

[J C. holosystolic outward motion 
O D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

DJ A. normal systolic inward motion 
[J B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 
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IV. Figures 1,2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 
V. According to recently published? data, the 
CKG (Cardiokymograph) stress test is: 
CA. 9896 sensitive — 9896 specific 
[J B. 5996 sensitive— 6996 specific 
OC. 7496 sensitive— 9596 specific 
o D. 4096 sensitive — 6096 specific 
VI. Figure 4isa photograph of: 
O A. CKG/700 (Cardiokymograph) 
CB. anoninvasive device that provides an 
analog representation of wall motion 
OC. alow cost. simple device to be used in 
conjunction with stress testing to enhance 
diagnostic accuracy 
[] D. allofthe above 


REFERENCE 
(1)Silverberg RA, Diamond G A Vas R. Tzivoni D. Swan HJ C 
Forrester J S: Noninvasive Diagnosis of Coronary Artery Disease 
The Cardiokymographic Stress Test, Circulation Vol. 61, No. 3; pgs 
519-589 


MCKG is a trademark of Cardiokinetics Inc. *Patent Pending 
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in susceptible 
cardiac arrhythmias 
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XO long-acting, 
steady-state 


plasma levels 
Achieved shortly after 24 hours... 
maintained for 12 hours* 


3 priced for 
greater economy 


Cost is approximately 3096 less 
than other long-acting quinidine 
gluconate therapy:* 


*Quantity of drug and frequency of administration needed to achieve 
desired clinical results must be determined for each patient 
tRed Book Supplement, 1980 
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TABLETS) 


SUSTAINED-RELEASE TABLETS, 330 mg 
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(QUINIDINE GLUCONATE 
TABLETS) SUSTAINED-RELEASE TABLETS, 330 mg 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 

DURAQUIN® (quinidine gluconate tablets) Sustained Release 

AHFS Category 24:04 

CLINICAL PHARMACOLOGY. In clinical Studies, single doses of Duraquin 
produced a mean maximum plasma level at 2 hours which was maintained for 
12 hours. This broad plateau indicates slow, continuous absorption from the 
gastrointestinal tract. 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 
hours, produced steady state (equilibrium) plasma levels shortly after 24 hours. 
The average quinidine plasma levels (Cramer and Isaksson assay' ) were O.81 
mcg/ml and the mean peak levels were 1.16 mcg/ml in a group of normal male 
subjects weighing 75 Kg. Following the last dose at steady state, quinidine plasma 
levels decreased at an approximate rate of 5096 in 10 hours. This compares to the 
expected plasma half-life of 6.3 hours for quinidine sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with 
dosage. While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml 
have been reported, these values are based on peak plasma levels determined 
by the less specific Edgar and Sokolow assay? This procedure yields quinidine 
levels averaging 22% higher than the Cramer and Isaksson assay. Plasma levels 
vary considerably in patients receiving identical doses. Therefore, it is advisable to 
adjust the dosage by monitoring plasma quinidine levels. 

INDICATION. Duraquin tablets are indicated for the prevention of premature 
atrial, nodal, or ventricular contractions. They are also indicated for the mainte- 
nance of normal sinus rhythm following spontaneous reversion or electrical con- 
version of atrial, nodal, or ventricular tachycardia, atrial flutter and fibrillation 
(either paroxysmal or chronic). 

CONTRAINDICATIONS. 1. History of hypersensitivity to quinidine manifested by 
thrombocytopenia, skin eruption, febrile reactions, etc. 

2. Complete A-V block 

3. Complete bundle branch block or other severe intraventricular conduction 
defects exhibiting marked QRS widening or bizarre complexes 

4. Myasthenia gravis 

5. Arrhythmias associated with digitalis toxicity 
WARNINGS. 1. (a) Inthe treatment of atrial fibrillation with rapid ventricular re- 
sponse, ventricular rate should be controlled with digitalis glycosides prior to 
administration of quinidine. 

(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may 
be preceded by progressive reduction in the degree of A-V block to a 1:1 ratio 
resulting in an extremely high ventricular rate. This potential hazard may be reduced 
by digitalization prior to administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is 
necessary, digoxin dosage should be reduced and plasma concentration should 
be monitored and patients observed closely for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 
50% widening of QRS, and/or ventricular ectopic beats or tachycardia. Appear- 
ance of these toxic signs during quinidine administration mandates immediate 
discontinuation of the drug, and/or close clinical and electrocardiographic moni- 
toring. Note: Quinidine effect is enhanced by potassium and reduced in the 
presence of hypokalemia. 

3. "Quinidine Syncope” may occur as a complication of long-term therapy. It is 
manifested by sudden loss of consciousness and ventricular arrhythmias with 
bizarre QRS complexes. This syndrome does not appear to be related to dose or 
plasma levels but occurs more often with prolonged QT intervals. 

4. Because quinidine antagonizes the effect of vagal excitation upon the atrium 
and the A-V node, the administration of parasympathomimetic drugs (choline 
esters) or the use of any other procedure to enhance vagal activity may fail to 
terminate paroxysmal supraventricular tachycardia in patients receiving quinidine. 

5. Quinidine should be used with extreme caution in: 

a) the presence of incomplete A-V block, since a complete block and asystole 
may result. Quinidine may cause unpredictable abnormalities of rhythm in digi- 
talized hearts. Therefore, it should be used with caution in the presence of digitalis 
intoxication (see 1.(b) above). 

b) Partial bundle branch block. 

C) Severe congestive heart failure and hypotensive states due to the depressant 
effects of quinidine on myocardial contractility and arterial pressure. 

d) Poor renal function, especially renal tubular acidosis, because of the 
potential accumulation of quinidine in plasma leading to toxic concentrations. 
PRECAUTIONS. 1. Test Dose—A preliminary test dose of a single tablet of 
quinidine sulfate should be administered prior to the initiation of the sustained 
release gluconate to determine whether the patient has an idiosyncrasy to the 
Quinidine molecule. 

2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quini- 
dine, although rare, should be considered (e.g., angioedema, purpura. acute 
asthmatic episode, vascular collapse). 
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3. Long-Term Therapy — Periodic blood counts and liver and kidney functic 
tests should be performed during long-term therapy and the drug should be 
continued if blood dyscrasias or signs of hepatic or renal disorders occur. 

4. Large Doses — ECG monitoring and determination of plasma quinidine | 
are recommended when doses greater than 2.5 g/day are administered. 

5. Usage in Pregnancy —The use of quinidine, in pregnancy, should be rese 
only for those cases where the benefits outweigh the possible hazards to the 
patient and fetus. 

6. Nursing Mothers —The drug should be used with extreme caution in nur 
mothers because the drug is excreted in breast milk. 

7. General— In patients exhibiting asthma, muscle weakness, and infection 
fever prior to quinidine administration, hypersensitivity reactions to the drug tr 
be masked. 

DRUG INTERACTIONS. 1. Caution should be used when quinidine and its 
analogs are administered concurrently with coumarin anticoagulants. This cx 
bination may reduce prothrombin levels and cause bleeding. 

2. Quinidine, a weak base, may have its half-life prolonged in patients who : 
concurrently taking drugs that can alkalize the urine, such as thiazide diuretic 
sodium bicarbonate, and carbonic anhydrase inhibitors. Quinidine and drug: 
which alkalize the urine should be used together cautiously. 

3. Quinidine exhibits a distinct anticholinergic activity in the myocardial tisst 
An additive vagolytic effect may be seen when quinidine and drugs having an 
cholinergic blocking activity are used together. Drugs having cholinergic acti 
may be antagonized by quinidine. 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac 
depressant effects when administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS. 

6. Antacids may delay absorption of quinidine but appear unlikely to cause 
incomplete absorption. 

7. Phenobarbital and phenytoin may reduce plasma T y of quinidine by 50° 

8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory 
depression of patients receiving decamethonium, tubocurare, or succinylcho 
ADVERSE REACTIONS. Symptoms of cinchonism (ringing in the ears, heac 
ache, disturbed vision) may appear in sensitive patients after a single dose of 
the drug. 

Gastrointestinal: The most common side effects encountered with quinidine 
are referable to this system. Diarrhea frequently occurs, but it rarely necessitat 
withdrawal of the drug. Nausea, vomiting, and abdominal pain also occur. Sor 
of these effects may be minimized by administering the drug with meals. 

Cardiovascular: widening of QRS complex, cardiac asystole, ventricular ectc 
beats, idioventricular rhythms including ventricular tachycardias and fibrillatior 
paradoxical tachycardia, arterial embolism and hypotension. 

Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocyt« 
penic purpura, agranulocytosis. 

CNS: headache, fever, vertigo, apprehension. excitement, confusion, deliriu 
and syncope, disturbed hearing (tinnitus, decreased auditory acuity), disturbe 
vision (mydriasis, blurred vision, disturbed color perception, photophobia, 
diplopia, night blindness, scotornata); Optic neuritis. 

Dermatologic: cutaneous flushing with intense pruritus. 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular 
collapse, respiratory arrest. 

DOSAGE AND ADMINISTRATION. Dosage should be titrated to give the 
desired clinical effect, eg, elimination of paroxysmal rhythm or reduction in 
premature contractions (See CLINICAL PHARMACOLOGY). This will often 
require prolonged ambulatory ECG monitoring, as hour-to-hour variability 
renders brief ECG recordings unreliable. When doses larger than 2.5 g/day: 
used, quinidine blood levels should be monitored, if possible, and serial ECC 
should be followed (See WARNINGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus 
rhythm following spontaneous reversion or electrical conversion, the usual dose 
is from 330 mg to 660 mgevery eight hours, most patients requiring the higher dc 

In elderly patients, and in patients in the lower end of the normal weight range 
plasma quinidine determinations should be considered. Dosage adjustments rr 
be required. 

OVERDOSAGE. Cardiotoxic effects of quinidine may be reversed in part by 
molar sodium lactate; the hypotension may be reversed by vasoconstrictors an 
catecholamines (since the vasodilation is partly duetoalpha-adrenergic blockad 
HOW SUPPLIED. N 0071-0850 (P-D 850) Duraquin (quinidine gluconate table! 
330-mg tablets are supplied in bottles of 100 tablets and in unit-dose packages 
100 (10 strips of 10 tablets each). 

1. Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasr 
Scandinavian J. Clin. & Lab. Investigation 15, 553, 1963. 

2. Edgar, A.L. and Sokolow, M. Experiences with the Photofluorometric Deter- 
mination of Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950. 


PARKE-DAVIS 


Div of Warner-Lambert Co 


PD-JA-0003-2-P(4-80) 


Morris Plains, NJ 07950 USA 





$ | futura publishing company 






Physiology of Atrial Pacemakers 
and Conductive Tissues 





Diagnosis and Treatment 
of Cardiac Arrhythmias 













- edited by 
Following Open Heart Surgery Robert C. Little, M.D. 
Emphasis on the Use of Atrial and 384 pages, 95 illustrations, 1980 $37.50 






Ventricular Epicardial Wire Electrodes 





With Contributions By: 















by R.C. Barr, J.P. Boineau, F.LM. Bonke, C.W. 

Albert L. Waldo, M.D. Brockus, A.R. Caracta, A.N. Damato, R.L. 

and DeHaan, S.B. Jones, K.D. Kronhaus, R.C. Little, 

William A. H. MacLean, M.D. J.M. Loeb, R. Mendez, C.B. Miller, W.T. Miller, III, 

280 pages. 151 illustrations, 1980 $29.50 D.E. Euler, S. Furman, D.B. Geselowitz, I.H. 






Gessner, A.O. Grant, D.B. Hackel, B.F. Hoffman, 
T.N. James, G.K. Moe, E.N. Moore, R.E. Naylor, 
G. Pastelin, W.C. Randall, M.M. Scheinman, R.B. 
Schuessler, F.M. Shanley, L. Sherf, M.S. Spach, J.F. 
Spear, H.C. Strauss, M. Vassalle, A.L. Waldo, A.G. 
Wallace, A.C. Wylds. 






“The scientific content of this monograph is matched 
by the elegant simplicity of the presentation. ..a 
superb text.” 

—from the Foreword by John W. Kirklin, M.D. 














Selected Topics in Cardiac Arrhythmias 


edited by 
Benjamin Befeler, M.D. 






New Horizons in Cardiovascular Diseases 


















Volume I Ng 
Basic Science and Diagnosis (in two parts) ere 
Benjamin J. Scherlag, M.D. 
edited by Ralph Lazzara, M.D. 
Richard J. Kones, M.D., F.A.C.C. 416 pages. 125 illustrations, 1980 $39.50 
Part I With Contributions By: 
288 pages, 64 illustrations, 1980: $32.50 V.A. Alatriste, P. Atlas, F.W. Bar, B. Befeler, B.V. 
Part II Berkovits, A. Castellanos, T. A. Chiale, P. Cournel, 
" ! Z. Dered, L.S. Dreifus, D. Durrer, M. Elizari, J. 
/ 5: j s, 19 e : Á «Pts 
CEPI U stia PRAG "29:90 Farré, C. Fisch, D. Flannang, G. Fontaine, D. Gann, 
With Contributions By: M.S. Halpern, M. Hefer, R.R. Hope, E. Kaplinsky, 






Y. Kishon, N.D. Klein, H.E. Kulbertus, R. Lazzara, 
LO Lazzari, R.J. Levi, P.A. Levine, K.I. Lie, GJ. 
Nan, H.N. Neufeld, J. Przybylski, B. Rosenbaum, 
M. Rosengarten, D.L. Ross, L. Rossi, P. Samet, L. 
Scherf, B.J. Scherlag, S. Stern, Z. Stern, R. Sung, P. 
Toubel, H. Wellens, I. Wiener, J. Yakini. 


S.S. Ahmed, N. Brachfeld, E. Césarman, E. Hankin, 
J.S. Karliner, L.A. Perez, M.E. Ray, T.J. Regan, R. 
Roberts, R.R. Schwimmer, C. Watanakunakorn, 
J.F. Yap, Jr., S. Zoneraich. 









-= =-=- ORDER FORM — — — —-—---—-------- 


futura publishing company, inc. f $ 295 Main Street, P.O. Box 330, Mount Kisco, NY 10549 


|] Selected Topics in Cardiac Arrhythmias Check Enclosed O Please bill me O 
L Basic Science & Diagnosis, Part I Please charge to VISA O Mastercharge O 
C] Basic Science & Diagnosis, Part II No. Date of Expiration 
L] Physiology of Atrial Pacemakers & Conductive Tissues PTS 
O Diagnosis and Treatment of Cardiac Arrhythmias en 
Name 
Futura Publishing will pay all shipping charges Address 
when payment accompanies order. City, State, Zip 
All prices valid oniy in the United States of America and Canada New York State Sales Tax must be added where applicable 





A33 


CONTENTS 


PEDIATRIC CARDIOLOGY 





1225 Mechanisms of Cardiac Arrhythmias After the Mustard Operation for Transposition of the Great 
Arteries 


PAUL C. GILLETTE, JOHN D. KUGLER, ARTHUR GARSON, Jr., HOWARD P. GUTGESELL, DESMOND 
F. DUFF and DAN G. McNAMARA 


i 


Intracardiac electrophysiologic studies performed in 52 children 1 to 8 years after the Mustard operation indicate 
damage to the sinus node is the most common cause of arrhythmias after this operation and that delayed atrial 
conduction may predispose to atrial muscle reentrant tachycardia. Isolated pockets of delayed conduction were 
found in the atria, particularly the low lateral right atrium—one of the earliest sites activated in the normal heart. 
These pockets of delayed activation could satisfy the requirements for slow conduction and unidirectional block 
that are necessary for atrial muscle reentry. Sinus nodal reentry was the other common mechanism of supraven- 
tricular tachycardia found in these patients. Further attempts are necessary to prevent damage to the sinus node 
and sinoatrial nodal artery during the Mustard or Senning operations. The techniques of intracardiac electrophys- 
iology will be useful in assessing the results of these efforts and to detect the patients at highest risk of postoper- 
ative arrhythmias. 


1231 Left Ventricular Function in Cyanotic Congenital Heart Disease 
THOMAS P. GRAHAM, Jr., HAROLD G. ERATH, Jr., ROBERT J. BOUCEK, Jr. and ROBERT C. BOERTH 


Left ventricular function studies with quantitative biplane cineangiocardiography in 39 preoperative and 23 post- 
operative patients with cyanotic congenital heart disease indicate the duration of cyanosis and degree of left 
ventricular dilatation are important determinants of pump function in such patients. The data support the hypoth- 
esis that the low ejection fraction in preoperative patients is related to the low systemic oxygen saturation. A 
normal ejection fraction was found in patients studied during the first year after operation for pulmonary atresia 
or critical pulmonary stenosis. The postoperative oxygen saturation was 84 percent as compared with a preop- 
erative value of 57 percent. The low ejection fraction in older patients undergoing palliative surgery is probably 
related to either long-standing severe volume overload or to repeated hypoxic damage. Long-standing volume 
overload would be associated with increased left ventricular wall tension. 


STUDIES IN HYPERTENSION 


1237 Methyldopa and Neural Control of Circulation in Essential Hypertension 


GIUSEPPE MANCIA, ALBERTO FERRARI, LUISA GREGORINI, CARLO BIANCHINI, LAURA TERZOLI, 
GASTONE LEONETTI and ALBERTO ZANCHETTI 


In this study the continuous administration of methyldopa for 15 to 20 days to seven hospitalized subjects with 
essential hypertension reduced mean arterial pressure (17 percent) and peripheral resistance (25 percent) with- 
out significantly affecting heart rate and cardiac output. The hypotensive effect of this agent is due to systemic 
vasodilatation and a reduction in peripheral resistance with little or no action on the heart. This drug does not in- 
terfere with the cardiovascular response to various neural excitatory stimuli but reduces the ability of the carotid 
baroreceptors to compensate for a decrease in blood pressure. Reduction of this pressor response may explain 
why methyldopa has a greater antihypertensive effect when patients are standing. Specific therapeutic advan- 
tages of this drug include the absence of a decrease in cardiac output during the administration of large doses, 
little changes in neural excitatory effects and smaller hemodynamic effects of reducing carotid baroreceptor ac- 
tivity. 


REPORTS ON THERAPY 


1245 Oral Amrinone in Refractory Congestive Heart Failure 


JOSHUA WYNNE, ROBERT F. MALACOFF, JOSEPH R. BENOTTI, GREGORY D. CURFMAN, WILLIAM 
GROSSMAN, B. LEONARD HOLMAN, THOMAS W. SMITH and EUGENE BRAUNWALD 


After a single dose of amrinone all nine patients with refractory heart failure demonstrated an improvement in 
their left ventricular ejection fraction as determined by radionuclide ventriculography. No change in blood pres- 
sure, heart rate or rhythm was observed or clinical evidence of myocardial ischemia noted. The mechanism of 
improvement in ventricular performance appears to have been increased myocardial contractility, perhaps as- 
sociated with reduced afterload. Continued therapeutic benefits were observed in two patients treated for 1 and 
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INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 196 in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
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Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
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supportively as necessary. This adverse effect is self-limiting and in most cases does not 
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Reference: 
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6 weeks, respectively, but two others experienced major side effects with the chronic administration of amri- 
none. The safety of long-term administration remains to be established. Thrombocytopenia occurred in two pa- 
tients. In one of these, fever developed and in the other, nephrogenic diabetes insipidus. All adverse reactions 
resolved after amrinone administration was discontinued. 


1250 The Clinical Pharmacology and Antiarrhythmic Efficacy of Acetylprocainamide in Patients With 
Arrhythmias 


JEFFREY KLUGER, DENNIS DRAYER, MARCUS REIDENBERG, GEORGE ELLIS, VIRGINIA LLOYD. 
THEODORE TYBERG and JOSEPH HAYES 


Acetylprocainamide, the major metabolite of procainamide in man, demonstrated antiarrhythmic efficacy by 
suppressing chronic ventricular premature complexes in 16 persons with cardiac arrhythmias, but caused side 
effects of light-headedness, insomnia, nausea and diarrhea in six patients. This compound appears to contribute 
to the effects of procainamide therapy and may be useful as an antiarrhythmic drug. During maximal acetylpro- 
cainamide therapy, the preejection period index and the ratio of this index to left ventricular ejection time signifi- 
cantly decreased, suggesting improved myocardial performance. In addition, acetylprocainamide at effective 
antiarrhythmic doses does not induce a positive antinuclear antibody reaction as readily as procainamide and 
may be less apt to induce lupus erythematosus. 


1258 Effect of Verapamil on Left Ventricular Isovolumic Relaxation Time and Regional Left Ventricular 
Filling in Hypertrophic Cardiomyopathy 


PETER HANRATH, DETLEF G. MATHEY, PETER KREMER, FRANK SONNTAG and WALTER BLEIFELD 


Following the intravenous injection of verapamil in 11 subjects with obstructive or nonobstructive cardiomyopa- 
thy the abnormal prolonged isovolumic left ventricular relaxation time significantly decreased from 93 4- 10 to 
67 + 15 ms. Left ventricular filling improved with regard to increased dimension during the filling period from 
14.4 + 2.4 to 16.4 + 2.4 mm and the duration of the relative filling period from 47.2 + 4.6 to 49 + 5.3 percent. 
These effects seem related not to the specific anatomic features of hypertrophic obstructive and nonobstructive 
cardiomyopathy but rather to the mechanism of improved left ventricular relaxation and filling produced by vera- 
pamil. 


REVIEWS 


1265 Valved Apico-Aortic Composite Conduits for Left Ventricular Outflow Tract Obstructions: A 4 Year 
Experience With 27 Patients 


JOHN C. NORMAN, MICHAEL R. NIHILL and DENTON A. COOLEY 


This favorable review of valved apico-aortic composite conduits for left ventricular outflow tract obstruction in 
27 patients emphasizes their usefulness and summarizes the historical background and current operative tech- 
niques and alternatives. In this series there were three early and three late deaths. Cardiac catheterization in 14 
patients within 10 days after operation and 6 months postoperatively show that the left ventricular-ascending 
aortic pressure gradient has been relieved, left ventricular function has been preserved or improved, blood flow 
is distributed normally throughout the systemic circulation and flow through the conduit is a function of the de- 
gree of the native left ventricular outflow tract obstruction in relation to conduit size and to its inherent imped- 
ance. The availability of a range of conduit sizes has added a measure of additional security in numerous antici- 
pated or unanticipated operative circumstances. The infradiaphragmatic location for the distal anastomosis is 
preferable because of the relative ease of changing the prosthesis if valve failure occurs. 


1272 Can Accelerated Atrioventricular Junctional Escape Rhythms Be Explained by Delayed 
Afterdepolarizations? 


MICHAEL R. ROSEN, CHARLES FISCH, BRIAN F. HOFFMAN, PETER DANILO, Jr., D. EUGENE 
LOVELACE and SUZANNE B. KNOEBEL 


Until recently, clinical cardiac arrhythmias were attributed to abnormalities of conduction or automaticity or to 
a combination of the two. Now, additional mechanisms for the initiation of cardiac arrhythmias described in cel- 
lular electrophysiologic studies include early and delayed afterdepolarizations which can induce “triggered” ar- 
rhythmias, phase 4 depolarization and abnormal automaticity in partially depolarized fibers. In this study of 55 
patients accelerated atrioventricular junctional escape rhythms fulfill the criteria for cardiac arrhythmias induced 
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ABBOKINASE (urokinase for injection) should only be used by physicians with wide experience in the 
management of thrombotic disease in hospitals where the recommended clinical and laboratory 
— (see WARNINGS, PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 
ormed. 

When considering treatment with urokinase, the physician should carefully assess the overall 
clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
coagulant therapy. When bleeding occurs it is also more severe and more dilficult to manage. The po- 
tential risk of serious hemorrhage relative to such factors as age. physical condition, and underlying 
bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 
weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 
Pulmonary Embolism 


ABBOKINASE (urokinase for injection) is indicated in adults: 
for the lysis of acute massive pulmonary emboli, defined as obstruction or significant filling 
defects involving two or more lobar pulmonary arteries or an equivalent amount of emboli in 
other vessels. 
for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., failure to main- 
tain blood pressure without supportive measures. 
The diagnosis should be confirmed by objective means, preferably pulmonary arteriography. 
Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
lism, and no later than five days after onset. Under these circumstances, angiographic and 
hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours of 
therapy than with heparin therapy (Table |).’-9 However, it has not been established that treatment 
with urokinase decreases morbidity or mortality, when compared to heparin therapy alone. 


TABLE | 
UPET * USPET** 
12-Hour 12-Hour 24-Hour 
Heparin Urokinase Urokinase Urokinase 
Change in angiographic 0.54 1.78 1.66 1.76 


severity Score based 

on 4-point system 

Decrease in relative 8.3 24.1 20 29.2 
percentage perfusion 

defect on lung scans 


Change in pulmonary —1.1 —6.2 —7.28 —7.53 
artery pressure 

(mm Hg) 

Change in cardiac —0.05 +0.02 +0.06 +0.30 


index (I/min/m2) 


*Urokinase pulmonary embolism trial. . 
* *Urokinase-streptokinase pulmonary embolism trial. 


Evaluations were obtained between 18 and 30 hours after the start of therapy. After several days, 
there were no differences between the results in the heparin treated patients and those receiving 
urokinase. 


CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 

is contraindicated in the following situations: 

1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or paracen- 
tesis, extensive or multiple cutdowns should be considered surgical procedures. 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days of the post-partum period. 

. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 

tial for bleeding) of the gastrointestinal or genitourinary tract. 

. Severe hypertension. 

. Acute or chronic hepatic or renal insufficiency. 

. Uncontrolled hypocoagulable state, including one that may be caused by a coagulation factor 

Feria thrombocytopenia, spontaneous fibrinolysis, or another purpuric or hemorrhagic 
isorder. 

11. Chronic lung disease with cavitation, e.g., tuberculosis. 

12. Subacute bacterial endocarditis or rheumatic valvular disease. 

13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
cated for at least two months after cerebral embolism, thrombosis or hemorrhage because pa- 
tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. 

14. Any other condition in which bleeding might constitute a significant hazard or be particularly 
difficult to manage because of its location. 

The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 

of hemorrhage must be weighed carefully against the anticipated benefits of urokinase therapy in 

an individual patient and the benefits and risks associated with the use of urokinase should be 
compared to the benefits and risks associated with other forms of therapy. 


WARNINGS 
Bleeding 


Activation of the fibrinolytic system with urokinase results in a more profound altera- 
tion of the hemostatic status of the patient than does anticoagulant therapy with 
heparin or coumarin agents. The aim of urokinase therapy is the production of suffi- 
cient amounts of plasmin for the lysis of intravascular deposits of fibrin; however, 
fibrin deposits which provide hemostasis, for example, at sites of needle punctures, 
are also destined for lysis, and bleeding from such sites may occur. The possibility of 
bruising or hematoma formation, especially with intramuscular injections, is high dur- 
ing thrombolytic therapy. Unnecessary handling of the patient should be avoided. 
Strict attention should be given to this section and the CONTRAINDICATIONS sec- 
tion in order to minimize the risk of bleeding. 

Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
ing urokinase therapy, as with heparin therapy. Bleeding at sites of recent invasive procedures 
may occur. Hence, arterial invasive procedures must also be avoided before and during treatment 
with urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 
avoided and the radial or brachial artery used. It should be done carefully by a physician ex- 
perienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 
dressing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- 
punctures should be performed as carefully and infrequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be continued with appropriate clinical observation. 
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Local measures, i.e., pressure, should be initiated immediately. 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
e.g., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. 

In addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIII, and 
other proteins. The products of plasmin degradation of fibrinogen and fibrin (FDP/fdp) possess an 
anticoagulant effect. Bleeding may be difficult to control because of this anticoagulant effect. 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 


Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 
possible risk of cerebral embolism may be hazardous because of the risk of bleeding into the in- 
farcted area. 


Use of Anticoagulants 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects of heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of /ess than twice the normal 
control value is adequate for starting urokinase infusions safely. Similarly, heparin should not be 
started following urokinase therapy until the thrombin time has returned to /ess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. In order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). 


Use in Pregnancy 
See CONTRAINDICATIONS. 


Use in Children 
Safety and effectiveness of urokinase therapy in children have not been established; therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 
Drug Interactions 


Concurrent use of drugs that may alter platelet function, e.g., aspirin, indomethacin, and 
phenylbutazone, should be avoided. The interaction of ABBOKINASE (urokinase for injection) with 
other drugs has not been studied. 


Laboratory Monitoring 

In patients who have received heparin, the thrombin time should be measured prior to starting 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored following urokinase 
therapy prior to instituting heparin. (See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Factor V, and Factor VIII are usually substan- 
tially diminished. Concomitantly, the level of fibrin(ogen) degradation products (FDP/fdp) is in- 
creased. The combination of reduced fibrinogen and increased FDP/fdp results in a prolongation of 
the thrombin time. While changes in any of these parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management 


Strict observance of the contraindications, warnings, and precautions to the use of urokinase is es- 
sential to minimize the incidence and severity of adverse effects. 


BLEEDING 
Incidence 


Where thrombolytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood) was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokinase therapy. 

Less severe spontaneous bleeding has been observed during urokinase treatment at approx- 
imately twice the frequency as that occurring during heparin therapy. Oozing of blood from sites of 
percutaneous trauma is frequent; hence, all invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one out of five patients treated with urokinase. 


Management of Severe Bleeding 

In case of serious bleeding, urokinase therapy must be discontinued. If blood loss has been large, 
packed red cells are indicated. Plasma volume expanders (other than Dextran) are indicated to 
replace blood volume deficit. If only whole blood is available, it may also be used. Although the use 
of aminocaproic acid (ACA, AMICAR®) in humans as an antidote for urokinase has not been docu- 
Hemet di may be considered if the hemorrhage is unresponsive to blood replacement. (See 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and in vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
serious allergic reactions (including anaphylaxis) occurring with its use cannot be excluded. 
Relatively mild allergic reactions, e.g., bronchospasm and skin rash, were feported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alleviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION 
Dosing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY. 

A priming dose of 2,000 I.U./Ib (4,400 I.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mal Saline admixture over a period of ten minutes. This is followed by a continuous infusion of 
2,000 1.U./Ib/hr (4,400 I.U./kg/hr) of ABBOKINASE (given as the Abbokinase-Normal Saline ad- 
mixture) for 12 hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump that is 
capable of delivering a total volume of 195 ml. 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 

recommended. Heparin treatment should not begin until the thrombin time has decreased to /ess 

De twice the normal control value. See manufacturer's prescribing information for proper use of 
eparin. 
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; BRIEF SUMMARY 
Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavors 
Sugar-Free 
Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental potas 
(as potassium gluconate. 4.68 g) with saccharin and aromatics. Alcohol 5%. 
Indications: Kaon Elixir is indicated for the treatment of potassium depletior 
à patients with hypokalemia and for the treatment of digitalis intoxication. Kaor 
Jà Elixir is also indicated for the prevention of potassium depletion when the diet 
LAE a intake of potassium is inadequate for this purpose. The prophylactic administra 
Se nen En ie of potassium ion may be indicated in patients receiving digitalis and diuretics for 
— TS NL, treatment of congestive heart failure; hepatic cirrhosis with ascites; patients with 
ate vs hypertension on long-term diuretic therapy; patients on corticosteroid therapy: 
AE c3 hyperaldosteronism states with normal renal function; the nephrotic syndrome; and 
BE: xs certain diarrheal states. 
$ - —-— ` Contraindications: Potassium supplements are contraindicated in patients with hype 
E l AE ae. v > kalemia since a further increase in serum potassium concentration in such patients can 
$ produce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chi 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration. extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium-spai 
diuretic (e.g. spironolactone, triamterene) 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation if adrr 
tered undiluted. For details regarding adequate dilution, see Dosage and Administration 
In patients with impaired mechanisms for excreting potassium, the administration of potassium salts 
produce hyperkalemia and cardiac arrest, This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of potassium salts 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium deple- 
tion. [n interpreting the serum potassium level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium. while acute acidosis per se can increase the serum potassium concentra- 
tion into the normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the presence of 
cardiac disease, renal disease, or acidosis, requires careful attention to acid- 
base balance and appropriate monitoring of serum electrolytes, the electro- 
cardiogram, and the clinical status of the patient 
In hypokalemic states, especially in patients on a low-salt diet. 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In these 
circumstances, potassium replacement with potassium 
chloride (e.g. Kaochlor 10% Liquid, W-T) may be more 
advantageous than with other potassium salts. However. 
Kaon can be supplemented with chloride. Ammonium 
chloride is an excellent source of chloride ion (18.7 mEq 
per gram) but it Should not be used in patients with hepatic 
cirrhosis where ammonium salts are contraindicated. 
Adverse Reactions: Nausea. vomiting. diarrhea, and 
abdominal discomfort have been reported. The symp- 
toms and signs of potassium intoxication include 
paresthesias of the extremities. flaccid paralysis. 
listlessness. mental confusion. weakness and heav- 
iness of the legs. fall in blood pressure. cardiac ar- 
rhythmias, and heart block 
Overdosage: The administration of oral potassium 
salts to persons with normal excretory mechanisms 
for potassium rarely causes serious hyperkalemia. 
However. if excretory mechanisms are impaired or if 
potassium is administered too rapidly intravenously po- 
| tentially fatal hyperkalemia can result (see Contraindice- 
ins and Warnings). It is important to recognize that hyper 
Bis usually asymptomatic and may be manifested only by an 
Saserum potassium concentration and characteristic electrocardio- 
mic changes (peaking of T-waves. loss of P-wave. depression of S-T seg- 
and prolongation of the QT interval). Late manifestations include 
iScle-paralysis and cardiovascular collapse from cardiac arrest 
COCHE X How Supplied: Pints and gallons in Grape and Lemon-Lime flavors; 15 ml 
ates ee Sm Stat-Pak " and 4 fl. oz. in Grape flavor only 
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by delayed afterdepolarization, but overdrive-enhanced automaticity cannot be ruled out entirely because of the 
limitations of the surface electrocardiogram. Although this study provides an argument for a specific mecha- 
nism, it also emphasizes the need for further study of the associations between clinical arrhythmias and their 
underlying cellular mechanisms. 
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1285 Angiographic Demonstration of Different Pathogenetic Mechanisms in Patients With Spontaneous and 


Exertional Angina Associated With S-T Segment Depression 


STEFANO de SERVI, GIUSEPPE SPECCHIA, DIEGO ARDISSINO, COLOMBA FALCONE, ANTONIO 
MUSSINI, LUIGI ANGOLI, EZIO BRAMUCCI, G. PIERO MARINONI, ANTONELLO GAVAZZI and PIERO 
BOBBA 


Coronary anteriography in three patients suffering from spontaneous and exertional angina associated with S-T 
segment depression demonstrates that their chest pain and electrocardiographic changes at rest and during ex- 
ercise resulted from two different pathogenetic mechanisms. Coronary arteriograms showed coronary spasm 
during a spontaneous attack of pain but not during exercise-induced angina. The exercise-induced chest pain 
and S-T segment depression were secondary to the increase in oxygen requirements rather than to a sudden de- 
crease in coronary blood flow. The distinction between primary angina precipitated by a sudden reduction in 
blood flow (coronary spasm) and secondary angina due to an increase in metabolic demands of the myocardium 
provides a rational basis for a proper therapeutic approach. In primary angina, calcium antagonists are the drugs 
of choice; in classic angina, propranolol. In these patients with two pathogenetic mechanisms, a combination 
of a beta adrenergic blocking agent and a calcium antagonist may be most beneficial. 
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1292 Sudden Death While Running in Conditioned Runners Aged 40 Years or Over 
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BRUCE F. WALLER and WILLIAM C. ROBERTS 


Clinical and necropsy observations showed severe atherosclerotic luminal narrowing of major epicardial coro- 
nary arteries in five white conditioned male runners aged 40 to 53 years who died while running. Only one was 
symptomatic and had an abnormal resting electrocardiogram and a positive exercise stress test. Four had 
healed (clinically silent) myocardial infarcts. Despite Bassler's thesis that marathon running provides "immunity 
to atherosclerosis," coronary artery disease appears to be the major killer of conditioned runners aged 40 and 
over who died while running. Two of these five were marathon runners. 
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dipyridamole 


INDICATIONS — Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 


frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 


Final classification of the less-than-effective indica- 
tions requires further investigation 





CONTRAINDICATIONS —No specific 
contraindications are known 


PRECAUTIONS —Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity. 


ADVERSE REACTIONS— Adverse reac- 


tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent Or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION- 
The recommended dosage is 50 mg 


@) 


three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary Dul a 
significantly increased incidence of side 


effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 


month of continuous therapy 
Tablets of 25 mg and 75 mg 


For complete details, please see the full 
prescribing information 


Boehringer Ingelheim Ltd 
Ridgefield, CT 06877 


RYSTAL CONTROLLED 
ACCURACY...CARDIOTEST 


Crystal-controlled timing makes CARDIOTEST today's wisest 
choice in pacemaker test instruments. And its extra Capabilities 
will allow CARDIOTEST to test tomorrow’s pacemakers too. For 
effective pacemaker evaluation, you need a system tester more 
accurate and more precise than the device tested — 
CARDIOTEST. 


VERSATILITY. CARDIOTEST is a three-in-one instrument 
which tests implantable pacers, measures threshold parameters 
and tests implanted pacers noninvasively. 


ACCURACY. Threshold Testing: The CARDIOTEST pulse 
generator approximates the function of an implanted unit, for 
closer simulation of pulse generator performance. A variable 


sensitivity feature allows the full range from demand to 
asynchronous pacing. 


Implantable Pacer Testing: CARDIOTEST sensitivity 
measurements are uniquely precise. Unlike competitors’ testers, 
CARDIOTEST gives the implanting physician the assurance 
that sensitivity is adequate at implant time. Voltage is measured 
at midpoint — a more accurate representation of real output 
pulse energy than at other points in the pulse. Because of this 
distinctive midpoint-measurement feature, CARDIOTEST can 
measure voltage over the various pulse widths available with 
today's pulse width programmable pacemakers. 


SECURITY. By testing the pacemaker with CARDIOTEST prior 
to implant, the physician can document the device's proper 
function, without introducing more test equipment to the 
operating room. 


EASE OF USE. Pushbutton operation and compactness make 
this the most "human engineered" test instrument available. 
Bright, readable digital display can be seen from across the 
room — and LED indicators tell which parameter is being 
measured. Easy to measure resistance — just push the button. 
No need to measure slew rate — CARDIOTEST's electronic 
bandpass filter compensates for frequency content of the 
H-wave. 


CPI., Meets Your Needs. 


DISPLAY AREA — 

LED Digital Display 

LED Measurement Indicators 
PACE and SENSE LED Indicators 
Battery Low LED Indicator 


THRESHOLD TEST DEVICE — 
Control dials for adjusting rate, pulse 
width, voltage and sensitivity 
(asynchronous to full demand) 
parameters during patient pacing and 
threshold measurements. 


Pushbutton selectors for rate, pulse 
width, voltage and resultant current, 
resistance and cardiac R-wave 
measurements. 


PACER TEST DEVICE — 

Pushbutton selectors for rate, pulse 
interval, pulse width, voltage, paced 
and sensed refractory periods, and 
positive and negative R-wave 
sensitivity measurements of external 
or implantable pulse generators. 


NONINVASIVE TEST DEVICE — 
Pushbutton selectors for rate, pulse 
interval and pulse width 
measurements of an implanted 
pacemaker. 


Cardiac Pacemakers, Inc. 
4100 North Hamline Avenue 
P.O. Box 43079 
& St. Paul, Minnesota 55164, U.S.A. 


INVOLVED IN MANKIND 
© 1979 Cardiac Pacemakers, Inc. 
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THE PRACTIC 
OF CARDIOLOGY ' 


is a unique new wo 





The Medical and Surgical Cardiac Units at 
the Massachusetts General Hospital, 


Edited by Robert Arnold Johnson, M.D., Edgar 


from one of the most 
outstanding hospitals in the world. 

It is the product of the learning/teaching/ 

working atmosphere of an institution renowned 


for its commitment to 


the excellence 
of patient 
care. 


THE PRACTICE OF CARDIOLOGY is a 
clinical, working reference. Unparalleled 
in contemporary cardiac literature, THE 
PRACTICE OF CARDIOLOGY is based on 
the daily experiences of a model cardiac 
unit. It establishes dependable guidelines for 


management of the problems you face every 


day. It focuses on the demanding process of 
clinical decision-making in daily practice. It 
is the core of clinical cardiology — realistic, 
practical, and extraordinarily useful. 


THE PRACTICE OF CARDIOLOGY is 
consistent. As a natural outgrowth of the 
highly successful cardiac units at the Massa- 
chusetts General Hospital, THE PRACTICE 
OF CARDIOLOGY is a cohesive, unified ap- 
proach to the clinical management of heart 
disease. Each chapter is written by a team 
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member, a specialist in the disorder under 
discussion, yet every chapter belongs to the 


integrated work as a whole. THE PRACTICE 
OF CARDIOLOGY is a book of singular pur- 


pose: to apply the accumulated experience 
of an outstanding group of physicians to the 
daily practice of cardiology. 


rk Haber, M.D., and W. Gerald Austen, M.D. 


THE PRACTICE OF CARDIOLOGY is 
absolutely current. Throughout produc- 
tion, the manuscript was updated to include 
the most recent and innovative advances in 
the field. The book was produced in eight 
months — an unusually short time for a vol- 
ume of this size and complexity — to keep it 
as current as possible. l 


Beautifully illustrated with photographs, 
drawings, and graphs, THE PRACTICE OF 
CARDIOLOGY is a tribute to the fine stan- 
dards set by the physicians of the Massachu- 
setts General Hospital. Order your copy to- 
day... and learn from their experience. 


1,312 pages, illustrated. #469459, $59.95 


Clip and mail to: 
. Little, Brown and Company 
Medical Division , 
200 West Street 
Waltham, MA 02154 





Please send me, on 30-day approval, 


copy( ies ) Johnson, Haber, and Austen's THE 


PRACTICE OF CARDIOLOGY, #469459, at 
$59.95 cach. 


O Bill me. 
O My check for $____ 


is enclosed with the understanding that if I am not com- 


pletely satisfied, | may return the book(s) within 30 days of receipt for a full and 


Name 
Address 


City 





prompt refund. ( Publisher pays postage and handling if check accompanies order. ) 


State/ Zip 
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Quality, economy, and efficacy over the years. 

Only B.W. Co? processes from the leaf to the tablet. 
A full range of dosage forms and strengths. 

Please see prescribing information on following page. 
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LANOXIN.... 
DIGOXIN 
ELIXIR PEDIATRIC 


Each ce contains 
58 meg (0.05 mg) 
DIGOXIN 
IA glycoside of Digitalis lanata 
PLEASANTLY FLAVORED 
Preservative. Methylparaben 01% 
Alcohol . . 109 
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Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


(DIGOXIN) 

TABLETS 0.125 mg Scored (yellow), I.D. Imprint Y3B 
0.25 mg Scored (white), I.D. Imprint X3A 
0.5 mg Scored (green), I.D. Imprint T9A 


LANOXIN* 


(DIGOXIN) 


ELIXIR PEDIATRIC 90 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
bro ilg of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
Continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

Bw. though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


Cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued es soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially when severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to ona treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
Suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved only 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks. advanced or 
Complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled vi other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays.the excretion of digoxin and dosage must be adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, z^ tablets should be taken into account when switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 


Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

Central nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular Systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication inciude procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, -with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 ew en orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

i wad MH with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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First pass radionuclide angiocardiography and thallium-201 myocardial 
perfusion imaging were performed at rest and during exercise in 48 pa- 
tients with chest pain: 39 with angiographically documented coronary 
artery disease and 9 with normal coronary arteries. Maximal graded up- 
right bicycle exercise was used for both studies to assure identical ex- 
ercise conditions. All nine patients without coronary artery disease had 
normal exercise thallium images, normal exercise regional wall motion 
and at least a 5 percent absolute increase in left ventricular ejection 
fraction during exercise (normal exercise left ventricular reserve). 
Ischemic S-T segment depression was demonstrated in 17 (44 percent) 
of the 39 patients with coronary artery disease. Findings on the two ex- 
ercise tests were concordant in all cases. New or augmented thallium 
perfusion defects were detected in 24 (62 percent) of the 39 patients, 
whereas abnormal exercise left ventricular reserve was present in 33 (85 
percent) (p «0.05). There was a close concordance between exercise- 
induced perfusion defects and regional wall motion abnormalities. The 
magnitude of change in ejection fraction from rest to exercise was sig- 
nificantly greater in patients with an abnormal exercise thallium study 
than in those with a normal study (—8 + 2 percent versus —1 + 1 percent, 
p <0.05). Both radionuclide studies were abnormal in 21 (54 percent) 
of the 39 patients, whereas both were normal only in 3 patients, all of 
whom had single vessel disease. Abnormal exercise left ventricular re- 
serve was present in 12 patients with normal exercise thallium studies. 


Both radionuclide myocardial perfusion imaging and left ventricular 


performance studies are suitable for evaluating patients with coronary 
artery disease under conditions of rest and exercise. At rest, segmental 
perfusion defects, regional wall motion abnormalities and depressed left 
ventricular ejection fraction correlate well with each other and usually 
represent myocardial infarction.^? During exercise, an imbalance in : 
myocardial oxygen supply and demand results in transient myocardial 
ischemia. This is generally associated with detectable decreased seg- 
mental perfusion or left ventricular dysfunction, or both.?* Augmented 
blood flow to adjacent nonischemic zones also may accentuate the ap- 
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pearance of relative perfusion defects during stress. 
However, the relation between abnormalities in perfu- 
sion and performance during exercise stress remains to 
be defined systematically. 

In this study, thallium-201 myocardial perfusion 
imaging and first pass radionuclide angiocardiography 
were performed both at rest and during exercise in a 
group of patients with angiographically documented 
coronary artery disease. Because all patients had been 
referred for coronary angiography, the group was clearly 
selected. In view of the dependence of both transient 
perfusion and performance abnormalities on the level 
of myocardial oxygen consumption, identical exercise 
conditions were used for each radionuclide study. This 
precaution should allow characterization of the relations 
between altered perfusion and function during physi- 
ologically identical levels of stress. 


Methods 


Patient population: Forty-eight consecutive patients with 
chest pain and known or suspected coronary artery disease 
were studied. Their mean age was 48 years (range 31 to 66); 
31 patients were men and 17 women. All patients underwent 
diagnostic cardiac catheterization for evaluation of chest pain 
within 1 month of the exercise studies. Coronary artery disease 
was defined angiographically by a decrease of at least 50 
percent in luminal diameter of one or more of the major epi- 
cardial coronary arteries. Coronary angiograms were reviewed 
independent of the radionuclide data. 

Nine patients had normal hemodynamic findings and ei- 
ther normal coronary arteries or insignificant lesions (min- 
imal irregularities in luminal contour). All had normal elec- 
trocardiograms at rest. 

Thirty-nine patients demonstrated angiographic evidence 
of coronary artery disease. Sixteen had disease of one vessel 
(the left anterior descending artery in 8, the left circumflex 
artery in 4 and the right coronary artery in 4) and 23 had 
multivessel disease (two vessels in 13 and three vessels in 10). 
Ten patients had electrocardiographic evidence of previous 
transmural myocardial infarction on the basis of standard 
criteria. The site of infarction was inferior in four patients and 
anterior in six. No patient had had an acute infarction within 
at least 3 months of cardiac catheterization or radionuclide 
exercise studies. No patient had additional significant valvular 
heart disease, hypertension or unstable angina pectoris, and 
no patient was receiving any cardioactive medications at the 
time of the exercise radionuclide studies. In 14 patients who 
were receiving oral propranolol, the dosage was gradually 
decreased and drug administration discontinued at least 72 
hours before the exercise studies. The condition of all patients 
was stable after discontinuation of propranolol therapy. Ad- 
ministration of sublingual nitrates was discontinued at least 
4 hours before the exercise tests. All patients were in clinically 
stable condition in the interval between cardiac catheteriza- 
tion and radionuclide exercise evaluation. Informed consent 
was obtained from all participants in the study. 

Exercise and imaging protocol: Prior to the actual ra- 
dionuclide studies, all patients were familiarized with the 
exercise imaging laboratory and the experimental protocol. 
All patients had previously undergone controlled nonradi- 
onuclide exercise tests. 

First pass radionuclide angiocardiograms and thallium- 
201 myocardial perfusion images were obtained with a com- 





puterized multicrystal scintillation camera (Cordis-Baird 
System-77, Bedford, Massachusetts) within 24 hours of each 
other with use of the same exercise protocols. Because of the 
lower gamma emissions of thallium-201, the exercise perfusion 
studies were always performed on day 1, and the left ven- 
tricular performance studies on day 2. Upright bicycle exercise 
was performed in both studies with use of a variable load bi- 
cycle ergometer (Tunturi Co., Amerac Corp., Bellevue, 
Washington). Electrocardiograms were monitored during 
exercise with a four lead system on a multichannel electro- 
cardiographic recorder (Hewlett-Packard 1500A, Waltham, 
Massachusetts). Heart rate, sphygmomanometric blood 
pressure and an electrocardiogram were obtained at rest be- 
fore exercise and every minute during exercise. The rate- 
pressure product was calculated as the heart rate X systolic 
blood pressure.® 

Patients pedaled at a constant speed beginning at a load 
of 300 kilopond-meters/minute (kpm/min); every 3 minutes, 
the load was increased by 150 kpm/min. Exercise was con- 
tinuted until the development of severe fatigue or at least 0.1 
mV (1 mm) horizontal or downsloping S-T segment depres- 
sion 0.08 second in duration in an electrocardiographic lead 
that yielded normal findings at rest. Exercise was not termi- 
nated because of chest pain alone or leg discomfort. All pa- 
tients exercised maximally during both tests.5 

For the perfusion studies, 1.5 to 2.0 mCi thallium-201 (New 
England Nuclear, Inc., North Billerica, Massachusetts) was 
injected through an intravenous line placed before the study. 
Exercise was continued at the peak level achieved for 1 minute 
after injection. Imaging was begun within less than 5 minutes 
of the end of exercise. Images were obtained in the anterior 
and 45? left anterior oblique positions with the patient supine, 
each with 250,000 counts in the entire image. Delayed (re- 
distribution) imaging was performed 4 hours after the initial 
study.97 Eleven patients manifested a perfusion defect im- 
mediately after exercise that did not fill in at least partially 
at delayed imaging. These patients underwent a separate 
thallium-201 study at rest within 2 weeks of the initial study; 
their clinical status remained stable in all cases. 

Studies of left ventricular function at rest and during ex- 
ercise were performed with the patient in the anterior upright 
position as previously described in reports from this labora- 
tory.^9? In the study at rest, the patient was positioned in 
front of the camera in the identical position used for the ex- 
ercise study. In the graded exercise study, the exercise was 
continued to a heart rate comparable with that achieved 
during the antecedent thallium exercise study. The patient 
was instructed to stop pedaling abruptly at the peak of exer- 
cise at which time the radioactive bolus was injected. This 
procedure permitted analysis of left ventricular performance 
at the peak of exercise. Technetium-99m sulfur colloid or 
pertechnetate (15 to 17 mCi) was used for each injection.! 

Radionuclide data processing: Thallium-201 images 
were displayed and analyzed as previously described.®-!! Both 
black and white and isocount-smoothed color images were 
photographed on appropriate Polaroid film. Images were in- 
terpreted independent of the other clinical and radionuclide 
data by three observers who recorded the presence and loca- 
tion of perfusion defects. ''heir consensus was used in data 
analysis. Normal thallium-201 images are homogeneous 
throughout the left ventricular wall. A defect was defined as 
a discrete region of relatively decreased radioactivity adjacent 
to normal myocardium. The anatomic location of the defect 
was determined on the basis of previously reported criteria.!! 
Subsequently, defects were also classified into anterior, apical 
and inferior regions to allow comparison with anterior position 
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left ventricular function studies. Exercise thallium defects 
were defined as new or increased perfusion defects not present 
on resting or redistribution studies. 

From the first pass studies, left ventricular ejection frac- 
tion and regional wall motion were determined as previously 
described.»5-1012 At rest, normal left ventricular ejection 
fraction is 55 percent or more. In our laboratory, a normal left 
ventricular response to exercise is an absolute increase of at 
least 5 percent in left ventricular ejection fraction without 
regional wall motion abnormalities.59? A decrease or no 
change (within +5 percent of the resting value) in left ven- 
tricular ejection fraction is considered an abnormal exercise 
left ventricular reserve.? The development of a new regional 
wall motion abnormality not present at rest is also considered 
an abnormal response to exercise. Regional wall motion in the 
anterior position was determined from a composite image 
consisting of the end-diastolic perimeter superimposed on the 
end-systolic image.!? Wall motion images were interpreted 
independent of the other clinical and radionuclide data by 
three observers who recorded the presence and location of 
segmental wall motion abnormalities. Their consensus was 
used in data analysis. Normal wall motion images demonstrate 
symmetric contraction of all ventricular segments. The an- 
terior position image was divided into anterior, apical and 
inferior regions.!? Comparison of regional wall motion images 
and thallium images was made only after each had been in- 
terpreted independently. 

Statistical methods: Data are expressed as the mean value 
+ standard error. Ejection fraction measurements at rest and 
during exercise were compared with the paired t test. Differ- 
ences between groups were assessed with Student's t test. The 
McNemar test for correlated proportions was used to compare 
the results of individual techniques. 


Results 


Patients With Normal Coronary Arteries 


Nine (19 percent) of the 48 patients studied had an- 
giographically normal coronary arteries or insignificant 
lesions. None manifested ischemic electrocardiographic 
changes during or after exercise. Chest pain developed 
at peak exercise in four patients. In all cases, left ven- 
tricular performance was augmented with exercise. The 
left ventricular ejection fraction increased significantly 
from 67 + 3 percent at rest to 84 + 3 percent during 
exercise (p <0.001). The absolute increment in ejection 
fraction in individual patients ranged from 6 to 26 
percent. In all cases, regional wall motion and thal- 
lium-201 imaging were normal at rest and during exer- 
cise. No significant differences were found in the peak 
heart rate, rate-pressure product and external work load 
attained during the two exercise tests (Table I). In in- 
dividual patients, the difference never exceeded +5 
percent. 


Patients With Coronary Artery Disease 


Electrocardiographic and symptomatic response: 
Ischemic S-T depression was demonstrated in 17 of the 
39 patients (44 percent) in both upright radionuclide 
exercise tests. The electrocardiographic responses in the 
two exercise tests were concordant in all cases. An ab- 
normal electrocardiogram at rest consistent with pre- 
vious transmural infarction was present in 10 patients. 
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FIGURE 1. Comparison of electrocardiogram (ECG), thallium-20 1 
perfusion imaging (TI), and radionuclide left ventricular performance 
(LV) studies at rest and during exercise (Ex) in 39 patients with coronary 
artery disease. Abnormal exercise left ventricular reserve was found 
significantly more frequently than were new or augmented thallium-20 1 
perfusion defects. ® = abnormal. N = number of patients. 


A total of 21 patients (54 percent) had Q waves at rest 
or S-T segment depression during exercise, or both (Fig. 
1). Chest pain occurred during exercise in 21 patients, 
including 12 with associated S- T segment depression. 
Thallium-201 imaging: New or augmented thal- 
lium-201 perfusion defects were detected during exer- 
cise in 24 (62 percent) of the 39 patients. Thallium de- 
fects at rest were present in nine patients, seven of 
whom had electrocardiographic evidence of previous 
infarction. Abnormal findings on thallium study at rest 
or during exercise, or both, were seen in 30 patients (77 
percent), (Fig. 1), including 9 of 16 patients with single 
vessel disease and 21 of 23 patients with multivessel 
disease (p = NS). Nine of 18 patients with a normal 
electrocardiogram at rest and during exercise had ab- 
normal exercise thallium studies. Four patients dem- 
onstrated ischemic S-T segment depression without 
corresponding thallium perfusion defects. In 5 of 11 
patients who underwent a second thallium imaging 
study at rest in addition to redistribution studies, the 
second study demonstrated a normally perfused region 
that had been abnormal in the 4 hour redistribution 
images. In the remaining six patients, the second resting 
and redistribution images were comparable, both being 
consistent with previous infarction. | 
Radionuclide angiocardiography: Abnormal ex- 
ercise left ventricular reserve was detected in 33 (85 
percent) of the 39 patients. Twenty-three of these pa- 
tients also had regional wall motion abnormalities 
during exercise that were not present at rest. Global and 
regional left ventricular performance values were ab- 
normal at rest in 10 patients, 8 of whom had electro- 
cardiographic evidence of infarction. Thirty-five pa- 
tients (90 percent) demonstrated abnormal left ven- 
tricular performance at rest or abnormal exercise re- 
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FIGURE 2. Anterior position thallium-20 1 images (above) and regional 
wall motion analyses (below) in a patient with coronary artery disease. 
Studies at rest are shown on the left (a,c) and maximal exercise studies 
on the right (b,d). Panels c and d show computer-generated end-diastolic 
perimeters superimposed over end-systolic images. At rest, both studies 
are normal. During exercise, an inferior wall perfusion defect is noted 
(b), corresponding closely to the region of inferior akinesia (d). Left 
ventricular ejection fraction decreased from 66 percent at rest to 58 
percent during exercise. 






FIGURE 3. Anterior position thallium-20 1 images (above) and regional 
wall motion analyses (below). Format as in Figure 2. The thallium-20 1 
images (including the 45 left anterior oblique images, which are not 
shown) are normal both at rest (a) and during exercise (b). However, 
inferior hypokinesia occurs during exercise (d) and this is associated 
with a decrease in ejection fraction from 64 to 55 percent. 
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serve, or both (Fig. 1). These included 13 of 16 patients 
with single vessel disease and 22 of 23 patients with 
multivessel disease (p = NS). Thirteen of 18 patients 
with a normal electrocardiogram at rest and during 
exercise had abnormal left ventricular exercise reserve, 
whereas only one patient with an ischemic electrocar- 
diographic response had normal left ventricular per- 
formance during exercise. For the group, left ventricular 
ejection fraction was unchanged by exercise (60 + 3 
percent at rest and 56 + 2 percent during exercise, p= 
NS). 

Ventricular functional correlates of abnormal 
myocardial perfusion during exercise: In the 24 
patients with new or augmented thallium-201 perfusion 
defects during exercise, left ventricular ejection fraction 
decreased significantly during exercise (70 + 3 percent 
at rest and 61 + 3 percent during exercise, p <0.05). This 
contrasts with the response in the 15 patients with a 
normal thallium study during exercise (62 + 3 percent 
at rest and 64 + 3 percent during exercise, p = NS). 
Furthermore, the magnitude of change in left ventric- 
ular ejection fraction from rest to exercise was signifi- 
cantly greater in patients with a positive study than in 
those with a negative test (—8 + 2 percent versus —1 + 
2 percent, p <0.05). This was not due to a difference in 
the number of stenotic vessels per patient in those with 
positive or negative thallium studies during exercise (2.1 
versus 1.7). 

There was close concordance between exercise- 
induced perfusion defects and regional wall motion 
abnormalities (Fig. 2). Nineteen of 24 patients with a 
positive thallium-201 test also had regional left ven- 
tricular dysfunction as demonstrated in the anterior 





FIGURE 4. Thallium-201 images in the anterior position (above) and 
regional wall motion analyses (below). Format as in F igure 2. A relatively 
small apical perfusion defect is evident during exercise (b). Regional 
wall motion is normal both at rest (c) and during exercise (d), and 
ejection fraction increased normally from 70 to 91 percent. 
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position. The anatomic location of the segmental ab- 
normality on angiocardiography fully coincided with the 
area of the thallium defect in 14 patients and partially 
coincided with it in the remaining 5 patients (additional 
abnormal areas also were identified by one of the two 
techniques). Only four additional patients had exer- 
cise-induced regional wall motion abnormalities without 
thallium defects. 

Diagnostic comparison of radionuclide angio- 
cardiography (left ventricular performance) and 
thallium-201 imaging in coronary artery disease: 
Both exercise radionuclide studies were abnormal in 21 
(54 percent) of the 39 patients. Both studies were nor- 
mal in only three patients (8 percent), all with single 
vessel disease (two with right coronary artery and one 
with left anterior descending artery diseases) (Fig. 2 to 
4). Thus, all patients with multivessel disease had ab- 
normalities revealed by one of the two exercise radio- 
nuclide techniques. Twelve patients (30 percent) had 
abnormal left ventricular reserve and normal thallium 
perfusion studies compared with three patients (8 
percent) who had abnormal thallium perfusion studies 
and normal left ventricular function on radionuclide 
angiocardiography (Fig. 5). 

Abnormal exercise left ventricular reserve occurred 
more frequently (85 percent) than exercise-induced 
perfusion defects (62 percent, p <0.05) or S-T segment 
depression (44 percent, p <0.01). In addition, perfusion 
defects occurred more frequently than S-T segment 
depression (p <0.05). When resting and exercise studies 
are considered together, the incidence rates of abnormal 
left ventricular performance and perfusion were similar 
(90 versus 77 percent, p = NS) (Fig. 1). 

There were no significant differences in the values for 
peak heart rate, rate-pressure product or external work 
load attained during the two exercise tests (Table I). In 
no case did the difference exceed +5 percent. 


Discussion 


Relation between abnormalities of myocardial 
perfusion and left ventricular performance: This 
study demonstrates several important relations between 
myocardial perfusion and left ventricular performance 


TABLE | 


Exercise End Points Achieved During Upright Bicycle Exercise* 


Heart Ratet 
(bpm) 
TI LV 
Normal subjects 1511-8 149 7 
(n — 9) 

All patients 14445 147+4 

with CAD (n = 39) 
ECG end point 

Ischemia (n = 17) 138 +7 139 +6 

Fatigue (n = 22) 151 +6 153 + 6 


* There are no significant differences in any variable between the two exercise tests. 


t Mean + standard error. 





FIGURE 5. Comparison of exercise thallium-201 perfusion imaging (TI) 
and exercise radionuclide left ventricular performance (LV) studies in 
39 patients with coronary artery disease. Note that the two techniques 
are discordant in 15 patients, 12 of whom have abnormal left ventricular 
performance and normal thallium-201 images. ® = abnormal exercise 
response; © = normal exercise response. 


at comparable levels of stress. First, exercise-induced 
regional wall motion abnormalities occurred predomi- 
nantly in patients who also had myocardial perfusion 
defects. In most cases, the anatomic locations of the 
segmental abnormalities seen during exercise angio- 
cardiography correlated closely with those of the defects 
observed on imaging. However, this comparison is 
somewhat limited because left ventricular function was 
assessed only with the patient in the anterior position. 
Five patients had thallium-201 defects without regional 
wall motion abnormalities, whereas four patients had 
regional wall motion abnormalities without thallium 
defects. However, 19 patients demonstrated both ab- 
normalities. In patients with previous myocardial in- 
farction, worsening regional wall motion during exercise 
may not be caused primarily by ischemia, but could 
result from increased dyskinesia of the infarcted seg- 
ment due to improved contraction of normal regions. 
In addition, there was a relation between global left 
ventricular function during exercise and myocardial 
perfusion. Patients with positive thallium studies during 
exercise manifested greater depression of ejection 





Rate-Pressure External 
Product Work Load 

(bpm X mm Hg X 107?) (kpm/min) 

TI LV TI LV 
226 + 20 225+ 25 540 + 25 542 + 26 
237 + 14 239 + 13 522 + 27 525 + 26 
225 + 17 226 + 16 509 + 18 51124 17 
247 + 16 248 + 14 535 + 22 538 + 21 


bpm = beats/min; CAD = coronary artery disease; ECG = electrocardiographic; kpm/min = kilopond-meters/min; LV = left ventricular function 


exercise test; TI = thallium-201 exercise test. 
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fraction during exercise than did the remaining patients 
with a negative test. This was not due to a difference in 
the number of stenotic vessels or exercise end points. 
All patients with multivessel coronary artery disease 
had at least one abnormal exercise radionuclide study. 
Overall, abnormal exercise left ventricular reserve was 
seen more frequently than exercise-induced perfusion 
defects (85 versus 62 percent). Both radionuclide ab- 
normalities were demonstrated more frequently than 
exercise-induced ischemic S- T segment depression (44 
percent). In contrast, all normal patients without sig- 
nificant coronary artery disease had a normal left ven- 
tricular response to exercise and normal thallium per- 
fusion images. It is important to stress that the exercise 
protocols and end points used for the two radionuclide 
tests were identical. In all cases, maximal upright bicycle 
exercise was performed. Furthermore, the population 
studied was homogeneous and there was a large preva- 
lence of coronary artery disease. No patient was re- 
ceiving any cardiac medications at the time of study. 


"The frequency of thallium-201 defects during exercise 
may be augmented by using a more vigorous form of 
exercise such as the treadmill,9:1?-!1^ by using multiple 
pinhole tomographic imaging techniques,!6 by including 
images in additional positions such as the left lateral or 
by using a conventional single crystal scintillation 
camera. Similarly, the frequency of exercise-induced left 
ventricular dysfunction also may be increased by mea- 
suring additional variables, such as the end-diastolic 
and pulmonary blood volumes!?!85 and the regional 
ejection fraction.!? 

Comparison with previous studies: Our results are 
comparable with previously reported data from studies 
using only one of the radionuclide methods. The sen- 
sitivity and specificity of each technique appear to be 
determined in part by the patients selected for study? 
and by the frequency of ischemic electrocardiographic 
responses.? 'The reported sensitivity of exercise thal- 
lium-201 imaging studies for detection of coronary 
artery disease ranges from approximately 65 to 95 per- 
cent, with a specificity of approximately 90 per- 
cent.6.13-1620-25 Our data on thallium imaging fall within 
this range and are similar to those of the multicenter 
cooperative study on thallium.?? Although some- 
what fewer studies have evaluated left ventricular 
function during exercise in coronary artery disease, 
the sensitivity and specificity ranges are compar- 
able.*5:89,17-19,26?8 Our present data on first pass ra- 
dionuclide angiocardiography??? agree closely with our 
previous experience and with those of others using ei- 
ther this technique!”!%?8 or gated cardiac blood pool 
imaging.*18,26,27,29 However, in contrast to the results 


in our present relatively small series, previous data have 
shown that some normal patients without coronary 
artery disease had abnormal myocardial perfusion or 
left ventricular function during stress. 

Several preliminary reports comparing these two 
radionuclide techniques in the same patients?9-?? have 
shown that the two approaches are of relatively com- 
parable diagnostic value in patients with coronary ar- 
tery disease. However, these previous studies did not 
compare responses with the two techniques under 
identical exercise conditions. Thallium imaging was 
performed after upright treadmill exercise and com- 
pared with left ventricular performance determined 
during either supine bicycle exercise or supine isometric 
handgrip exercise. These studies demonstrated some- 
what higher sensitivities for thallium imaging than those 
noted in the present study, perhaps as a consequence 
of exercise on the treadmill rather than on the bi- 
cycle. 

Clinical implications: From a diagnostic perspec- 
tive, we believe that our data suggest that assessment 
of left ventricular performance during exercise should 
be the initial radionuclide examination in a patient with 
suspected coronary artery disease, especially when ex- 
ercise tolerance is limited. However, there are specific 
cases when thallium-201 imaging would be preferable. 
For example, in an extremely anxious patient with high 
basal sympathetic tone, the resting ejection fraction also 
may be high, often making interpretation of the ejection 
fraction responses difficult. In a patient with associated 
nonischemic cardiac disease, such as aortic insuffi- 
ciency, an abnormal ejection fraction response may be 
due to that abnormality rather than to coronary artery 
disease. From a technical standpoint, ventricular per- 
formance studies would probably be less reliable in 
patients with arrhythmias at rest, such as atrial fibril- 
lation, or with exercise-induced arrhythmias. Fur- 
thermore, in some patients, such as those undergoing 
coronary arterial bypass surgery, assessment of regional 
perfusion may be of major clinical importance. 

In summary, thallium-201 myocardial perfusion 
imaging and radionuclide assessment of left ventricular 
function provide complementary insights into the 
pathophysiologic consequences of coronary artery dis- 
ease as well as clinically relevant diagnostic data. The 
relative usefulness of each test will become apparent as 
larger groups of patients with wider disease prevalences 
and symptoms are studied.*4 
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After aortic valve replacement, depressed left ventricular function, as 
assessed from the preoperative left ventricular ejection fraction, has been 
reported to improve significantly in patients with aortic stenosis, but to 
improve little or to a lesser degree in patients with aortic regurgitation. 
Accordingly, the effect of preoperative left ventricular ejection fraction 
and other variables on postoperative survival was examined in 229 pa- 
tients after aortic valve replacement. The preoperative left ventricular 
ejection fraction, cardiac index and left ventricular end-diastolic pressure 
were found not to affect the 3 year postoperative survival rate in patients 
with aortic stenosis and mixed aortic valve disease. However, patients 
with aortic regurgitation and a left ventricular ejection fraction of less than 
0.50 had a significantly poorer 3 year survival rate (64 + 10 percent) than 
patients with aortic regurgitation and an ejection fraction of 0.50 or more 
(91 + 8 percent) (p <0.02). The 3 year postoperative survival rate in 
patients with a reduced cardiac index (less than 2.5 liters/min per m?) 
and aortic regurgitation was also significantly lower (63 + 10 percent) 
than the rate in patients with aortic regurgitation and a normal cardiac 
index (p <0.02). There was less significance in the difference between 
the 3 year postoperative survival rate of patients with aortic regurgitation 
whose left ventricular end-diastolic pressure was 15 mm Hg or less and 
those whose pressure was greater than 15 mm Hg (p <0.05). Thus, it may 
be advisable to monitor left ventricular ejection fraction noninvasively 
in patients with aortic regurgitation and to advise aortic valve replacement 
before the ejection fraction becomes severely depressed. 


Patients with aortic valve disease and poor left ventricular function as 
assessed from the left ventricular ejection fraction have been reported! 
to have a higher operative mortality rate and a poorer long-term prog- 
nosis than patients with normal left ventricular function. Recent reports 
have indicated that depressed left ventricular function associated with 
aortic stenosis can improve considerably after aortic valve replace- 
ment;?7 whereas depressed function associated with aortic regurgitation 
improves little or to a lesser degree.?46:7-9 In this study we assessed the 
effects of preoperative left ventricular ejection fraction on the operative 
mortality and subsequent survival after aortic valve replacement in 
patients with isolated aortic valve disease (regurgitation or stenosis). 
Other preoperative indexes and factors correlated with long-term sur- 
vival by other investigators!0-!2 were also examined. 


Methods 


Patients: The data on all adult patients who underwent isolated aortic valve 
replacement from August 1972 (that is, from the time of computerization of the 
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results of valve surgery in our institution) to February 1978 
were examined. In this 5 1/2 year period, 306 adult patients 
had an isolated aortic valve prosthesis inserted. Of these, 254 
(83.0 percent) underwent preoperative cardiac catheterization 
in our institution. Twenty-five (9.8 percent) of the left ven- 
tricular angiograms could not be analyzed because of ven- 
tricular ectopic complexes or inadequate visualization of the 
left ventricle. Ejection fraction could therefore be measured 
from the angiograms of 229 patients (90.2 percent). Analysis 
of the clinical, angiographic and hemodynamic data of these 
229 patients forms the subject material of this study. Coronary 
arteriograms were recorded in 176 patients, which included 
91 percent of the patients over age 40 years. T'he arteriograms 
revealed significant coronary artery disease in 22 patients (13 
percent), 12 of whom had aortocoronary venous bypass 
grafting. Ten patients who did not undergo coronary bypass 
grafting had disease of a single vessel that was considered 
unsuitable for grafting or believed to supply blood to a rela- 
tively small region of the left ventricular muscle. 

Cardiac catheterization: Cardiac catheterization was 
performed by way of the brachial or femoral artery, and the 
left ventricle was entered across either the aortic or the mitral 
valve. Left ventricular end-diastolic pressure was measured 
from the left ventricular pressure tracing at the trough after 
thea wave or 50 ms after the onset of the QRS complex. Car- 
diac output was measured using the computer analysis of the 
curve (Columbus Instrument, Columbus, Indiana) after in- 
jection of indocyanine green. 

Aortic valve area was calculated!?:4 in all patients with pure 
aortic stenosis or aortic stenosis with mild (1+ or less on a scale 
of 1+ to 4-15) regurgitation. All patients submitted to aortic 
valve replacement were symptomatic and were considered to 
have severe valve disease; that is, the aortic valve area was less 
than 0.7 cm? or the degree of aortic insufficiency was 2+ or 
greater. Mixed aortic valve disease was defined as severe aortic 
valve disease with a peak systolic gradient greater than 30 mm 
Hg and 2+ or more aortic insufficiency. Mild (1+) mitral in- 
sufficiency did not exclude patients from this study. 

Left ventricular angiograms were recorded in the right 
anterior oblique projection. Ejection fraction was calculated 
by the area-length method! utilizing an electronic digitizer 
and computer (Tektronix, Beaverton, Oregon). An ejection 
fraction was not measured when the left ventricle was in- 
completely visualized or when the first three complexes after 
injection of contrast medium were ectopic. 

Coronary arteriography was attempted in most patients 
over age 40 years and in all patients with angina pectoris. 
When both coronary ostia were not selectively catheterized 
the angiograms were considered incomplete. This occurred 
most frequently in patients with gross dilatation of the as- 
cending aorta associated with aortic regurgitation. The cor- 
onary arteries were regarded as severely diseased if there was 


greater than 70 percent narrowing of the luminal diameter of | 


one or more vessels. 

Surgery: During the initial period of the study the Lille- 
hei-Kaster prosthesis was used, but we subsequently discon- 
tinued its use because of our unsatisfactory results with it.!7.18 
Subsequently, we used the Starr-Edwards model 2400 pros- 
thesis or the Bjork-Shiley prosthesis for patients with a large 
or a small aortic root, respectively. Because of the inconve- 
nience of the required anticoagulant therapy and the small 
but significant incidence of embolism with the Starr-Edwards 
prosthesis, we later used the glutaraldehyde-preserved porcine 
heterograft instead of this prosthesis. Left ventricular function 
and coronary disease did not influence the choice of prosthesis 
inserted. Methods of myocardial protection during surgery 
varied. Initially coronary perfusion with a beating heart, 
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subsequently hypothermic arrest and later coronary perfusion 
with a cardioplegic solution and moderate hypothermia were 
used. 

Follow-up analysis: Follow-up information was collected 
during examinations performed every 3 months except in 
patients living at a distance from whom information was ob- 
tained by correspondence at yearly intervals. Three patients, 
all living abroad, were lost to follow-up study. All other sur- 
viving patients were followed up for 6 months or more. At the 
time of this analysis 122 patients had reached their 3rd year 
of follow-up study or had died. 

Patient survival was calculated using actuarial methods.!? 
Results are expressed as mean + standard error of mean. The 
Student's t test was used to test significant differences in 
cumulative survival proportions. A probability (p) value of 
«0.05 was regarded as significant. Operative mortality was 
defined as death occurring within the Ist postoperative 
month. 


Results 


Survival in total groups: In the total group of 229 
patients (Table I) there was no significant difference in 
the 3 year survival rate after aortic valve replacement 
on the basis of age, sex, valve lesion, prosthetic valve 
type or presence of a left ventricular end-diastolic 
pressure less than or greater than 15 mm Hg. However, 
there was a significantly poorer 3 year survival among 
patients with a depressed cardiac index (less than 2.5 
liters/min per m?) than among those with a normal 
cardiac index (equal to or greater than 2.5 liters/min per 
m?) (p «0.02), and among patients with a depressed left 


TABLE ! 


Effect of Different Variables on Survival in 229 Patients 
Undergoing Aortic Valve Replacement 





3 Year 
Cases Survival 
Variables (n) (96) (+SE) (96) p Value 
Age 
<40 years 59 (2696) 88+ 5 
41-60 years 117 (51%) 80 + 4 NS 
>60 years 53 (23%) 82+6 
Sex 
Male 165 (72%) 82 +4 NS 
Female 64 (2896) 86 + 4 
Valve lesion 
Aortic stenosis 67 (29%) 90 4 
Aortic regurgi- 90 (39%) 79 +6 NS 
tation 
Mixed 72 (3196) 84105 
Prosthesis 
Starr-Edwards 44 (1996) 75 18 
Bjork-Shiley 92 (4096) 911-3 
Lillehei-Kaster 29 (1396) 7448 NS 
Heterograft 64 (28%) 78 + 10* 
Ejection fraction 
20.50 154 (67 96) 90 t3 «0.002 
«0.50 75 (3396) 67 +6 
Cardiac index 
22.5 liters/min 141 (62%) 9113 «0.02 
er m? 
«2.5 liters/min 85 (3896) 7406 
per m? 
LVEDP 
<15 mm Hg 65 (2996) 88 + 4 NS 
>15 mm Hg 161 (7196) 85 £3 


* Two year survival. 
LVEDP = left ventricular end-diastolic pressure; NS = not significant; 
p = probability; SE = standard error of the mean. 


1121 4 


—— — o9 9 9 3€ VER ER 


AORTIC STENOSIS 


"a a a. 


OEjection Fraction > 0.50 
SOLecjection Fraction « 0.50 


AORTIC REGURGITATION 
gee E 
307 Ne : 2 $ 
80 ed 
O Ejection Fraction » 0.50 


50 € Ejection Fraction < 0.50 


MIXED AORTIC VALVE 
DISEASE 


E 


OEjection Fraction 2 0.50 
90 € Ejection Fraction «0.50 


i712 | 2 3 
YEARS AFTER SURGERY 


FIGURE 1. Effect of preoperative left ventricular ejection fraction and 
functional type of aortic valve disease on the actuarial survival curves 
of patients with aortic valve replacement. There was no significant 
difference in the 3 year survival rate of patients with aortic stenosis (top 
panel) or mixed aortic valve disease (bottom panel). Patients with 
preoperative aortic regurgitation and a left ventricular ejection fraction 
of less than 0.50 had a significantly lower 3 year survival rate than that 
of patients with an ejection fraction equal to or greater than 0.50 (p 
<0.02) (middle panel). Vertical bars represent standard error of the 
mean. 


PERCENT SURVIVAL 
~N 
O 









ventricular ejection fraction (equal to or greater than 
0.50) than among those with a normal ejection fraction 
(greater than 0.50) (p <0.002). 

Survival in valve lesion subsets: The hemodynamic 
data were further analyzed according to the functional 
aortic valve lesion. The actuarial survival curves are 
shown in Figures 1 to 3. There was a significantly greater 
percentage of patients with a reduced ejection fraction 
in the groups with aortic regurgitation (38 percent) and 
mixed aortic valve disease (39 percent) than in the group 
with aortic stenosis (19 percent) (p <0.05). There was 
no difference in the distribution in these groups of pa- 
tients with a reduced cardiac index or increased left 
ventricular end-diastolic pressure. 

There was no significant difference in the 3 year 
survival rate of patients with preoperative aortic ste- 
nosis or mixed aortic valve disease whether they had a 
normal or depressed left ventricular ejection fraction 
(Fig. 1), normal or reduced cardiac index (Fig. 2) or 
normal or elevated left ventricular end-diastolic pres- 
sure (Fig. 3). Patients with aortic regurgitation and a 
depressed ejection fraction had a 3 year survival rate of 
64 + 10 percent, which was significantly lower than the 
survival rate of 93 + 4 percent of patients with aortic 
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regurgitation and a normal ejection fraction (p «0.02) 
and the survival rate of 91 + 8 percent of patients with 
aortic stenosis and a depressed ejection fraction (p 
<0.05) (Fig. 1). — 

The 3 year survival rate of patients with aortic 
regurgitation and a reduced cardiac index was 63 + 10 
percent, which was also significantly lower than the 
survival rate of 93 + 4 percent of patients with aortic 
regurgitation and a normal cardiac index (p «0.02), but 
not significantly different from the survival rate of 84 
+ 8 percent of patients with aortic stenosis and a re- 
duced cardiac index (Fig. 2). Among patients with aortic 
regurgitation, those with a left ventricular end-diastolic 
pressure greater than 15 mm Hg had a 3 year survival 
rate of 77 + 7 percent, which was significantly lower: 
than the survival rate (96 + 4 percent) (p «0.05) of pa- 
tients with a reduced end-diastolic pressure (Fig. 3). 
This difference in survival rate was less significant than 
that calculated for the other two hemodynamic vari- 
ables in patients with aortic regurgitation. 

Relation between ejection fraction and cardiac 
index: Patients with aortic regurgitation and a reduced 
ejection fraction had a significantly lower cardiac index 
(2.3 + 0.1 liters/min per m?) than that of patients with 
a normal ejection fraction (3.0 + 0.1 liters/min per m?) 
(p «0.001). However, in patients with aortic stenosis and 
in patients with mixed aortic valve disease and a normal 
ejection fraction, the cardiac index (2.9 + 0.1 and 2.7 + 
0.1, respectively) was not significantly different from 
that of patients in either subset with a depressed ejec- 
tion fraction, (2.5 + 0.2 and 2.4 + 0.2 liters/min per m2, 
respectively) (p >0.05). Although among the patients 
with aortic regurgitation, a cardiac index was signifi- 
cantly lower in those with a depressed ejection fraction 
than in those with a normal ejection fraction, there was 
no overall correlation between cardiac index and ejec- 
tion fraction in all patients with aortic regurgitation (r 
= 0.38, p >0.05). 

Deaths: There were eight operative deaths (3.5 per- 
cent) in the entire group. Operative mortality was not 
affected by any preoperative variable studied, including 
a depressed left ventricular ejection fraction. The causes 
of death in the 22 cases of late deaths and the relevant 
preoperative data are presented in Table II. The most 
common cause of late death was congestive heart failure, 
which was reported in eight patients (five with aortic 
regurgitation, two with mixed aortic valve disease and 
one with aortic stenosis). All eight patients had a re- 
duced preoperative left ventricular ejection fraction and 
cardiac index and an increased left ventricular end- 
diastolic pressure. Four patients died suddenly and 
unexpectedly, one of whom had not undergone aorto- 
coronary bypass grafting for significant coronary artery 
disease. 


Discussion 


Numerous preoperative factors have been reported 
to influence the long-term results of aortic valve surgery, 
their effect often depending on the functional type of 
aortic valve disease. These factors include severity and 
duration of symptoms,!0-1220 heart size,! ?0 age and 
sex,'? left atrial pressure,!? cardiac index,!? type of 
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FIGURE 2. Effect of preoperative cardiac index and functional type of 
aortic valve disease on the actuarial survival curves of patients with 
aortic valve replacement. There was no significant difference in the 
3 year survival rates of patients with aortic stenosis (top panel) or mixed 
aortic valve disease (bottom panel). Patients with preoperative aortic 
regurgitation and a cardiac index of less than 2.5 liters/min per m? had 
a significantly lower 3 year survival rate than that of patients with a 
cardiac index equal to or greater than 2.5 liters/min per m? (p <0.02) 
(middle panel). Vertical bars represent standard error of the mean. 
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FIGURE 3. Effect of preoperative left ventricular end-diastolic pressure 
(LVEDP) and functional type of aortic valve disease on the actuarial 
survival curves of patients with aortic valve replacement. There was 
no significant difference in the 3 year survival rate of patients with aortic 
stenosis (top panel) or mixed aortic valve disease (bottom panel). Pa- 
tients with preoperative aortic regurgitation and a left ventricular end- 
diastolic pressure greater than 15 mm Hg had a significantly lower 3 
year survival rate than that of patients with an end-diastolic pressure 
equal to or greater than 15 mm Hg (p <0.05) (middle panel). Vertical 
bars represent standard error of the mean. 


Characteristics of 22 Patients Who Died Late After Aortic Valve Replacement 


Valve Age LVEDP 
Case Lesion (yr) EF (mm Hg) 
1 AS 72 0.29 31 
2 AR 63 0.26 26 
3 AR 45 0.28 24 
4 AR 24 0.24 55 
5 AR 50 0.35 27 
6. AR 59 0.32 50 
7 AS/AR 53 0.21 43 
8 AS/AR 51 0.31 26 
9 AS 58 0.71 14 
10 AR 58 0.58 50 
11 AS/AR 59 0.39 10 
12 AS/AR 60 0.22 32 
13 AR 53 0.48 42 
14 AS/AR 59 0.39 10 
15 AS/AR 58 0.68 28 
16 AS/AR 23 0.66 16 
17 AS/AR 50 0.36 23 
18 AR 36 0.44 55 
19 AS 22 0.83 14 
20 AS 61 0.65 34 
21 AR 64 0.29 TR 
22 AS/AR 47 0.70 8 
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A = abnormal; AR = aortic regurgitation; AR/AS = mixed aortic valve disease; AS = aortic stenosis; CHF = congestive heart failure; Cl = cardiac 
index; EF = ejection fraction; G = aortocoronary graft; LVEDP = left ventricular end-diastolic pressure; N = normal. 
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aortic valve disease!??! and the presence of coronary 
artery disease.!? However, there has been no consistency 
in the data reported, and exceptions to each of these 
factors have been described.9:10.11,2022-24 Th our study 
age, sex, functional type of aortic valve disease and type 
of aortic valve prosthesis did not affect 3 year sur- 
vival. 

Ejection fraction: Copeland et al.!? reported that 
preoperative “left ventricular dysfunction" adversely 
affected survival of patients undergoing aortic valve 
replacement. Hirshfeld et al.!? observed that patients 
with aortic regurgitation, a large heart and increased left 
ventricular end-diastolic pressure had reduced post- 
operative survival. They hypothesized that these pa- 
tients had a reduced ejection fraction. However, pre- 
operative ejection fraction was reported by Schwarz et 
al.ó not to affect long-term survival after aortic valve 
replacement. 

In this study we found that a depressed preoperative 
left ventricular ejection fraction (less than 0.50) in pa- 
tients with either aortic stenosis or mixed aortic valve 
disease did not significantly affect survival. Thompson 
et al.’ and O’Toole et al.?? reported similar results. Our 
finding that among patients with aortic regurgitation 
those with a depressed left ventricular ejection fraction 
have a poorer 3 year survival rate than those with a 
DUE ejection fraction confirms the data of Thompson 
et al. 

Ejection fraction is considered a satisfactory index 
of left ventricular function in patients with aortic valve 
disease.?? In the earlier phases of chronic volume and 
pressure overload, sufficient left ventricular hypertro- 
phy develops to normalize left ventricular wall stress.?6 
Ejection fraction presumably becomes depressed when 
hypertrophy (that is, increase in sarcomeres in parallel 
or in series) is inadequate to compensate for the pro- 
gressive increase in wall stress or volume load, resulting 
in afterload mismatch and exhaustion of preload re- 
serve.?6 Schwarz et al.?? recently observed that impaired 
left ventricular function with aortic valve disease is best 
correlated with the extent of ultrastructural degener- 
ative changes rather than with the extent of fibrosis. 
Neither of these two processes appeared to impair re- 
covery of cardiac function after aortic valve replace- 
ment. 

Recent studies^* have shown that patients with 
aortic stenosis and depressed left ventricular ejection 
fraction may have marked postoperative recovery of left 
ventricular function and reduction in left ventricular 
mass after aortic valve replacement. In contrast, pa- 
tients with impaired left ventricular function and aortic 
regurgitation have poor postoperative recovery of ven- 
tricular function.?:^6 Therefore, it is not surprising that 
our patients with aortic regurgitation and a depressed 


left ventricular ejection fraction had a poorer 3 year 
survival rate than patients with aortic regurgitation and 
a normal ejection fraction or those with aortic stenosis 
and a depressed ejection fraction. 'T his poorer survival 
rate is partly confirmed by the higher mortality from 
cardiac failure in the former group. In addition, our 
study and others?7* have demonstrated that patients 
with aortic valve disease and depressed left ventricular 
function, assessed from the ejection fraction, may have 
a remarkably low operative mortality rate. 

Cardiac index: The effect of preoperative cardiac 
index on survival curves was similar to that of ejection 
fraction. A reduced cardiac index resulted in a reduced 
survival in patients with aortic regurgitation but not in 
those with aortic stenosis or mixed aortic valve disease. 
A reduced cardiac index in patients with aortic regur- 
gitation can be accounted for by both impaired left 
ventricular function and increased regurgitant fraction. 
Although there was no correlation between ejection 
fraction and cardiac index either for the entire group of 
patients or for subsets of patients with different func- 
tional types of valve disease, patients with aortic 
regurgitation and a depressed ejection fraction had a 
reduced cardiac index that was significantly lower than 
that of patients with aortic regurgitation and a normal 
ejection fraction. 

Left ventricular end-diastolic pressure: The in- 
creased left ventricular end-diastolic pressure found in 
71 percent of symptomatic patients with aortic valve 
disease is not surprising. The increase may be caused 
by a decrease in left ventricular compliance, impaired 
left ventricular function or increasing volume load on 
the ventricle in those patients with aortic regurgitation. 
It may also be altered by diuretic therapy. An elevated 
left ventricular end-diastolic pressure was not a good 
predictor of survival in the total group of patients with 
aortic valve disease, and was a poorer predictor than 
either left ventricular ejection fraction or cardiac index 
in patients with aortic regurgitation. 

Clinical implications: It has been our policy not to 
consider aortic valve replacement in asymptomatic 
patients with aortic valve disease. However, this report 
and others? suggest that once a patient with severe 
aortic regurgitation exhibits evidence of depressed left 
ventricular function the chance of improving long-term 
survival after aortic valve replacement decreases sig- 
nificantly. Surgery performed when left ventricular 
function is depressed, as assessed from the ejection 
fraction, may be too late to prevent irreversible left 
ventricular damage. It may be advisable to monitor left 
ventricular ejection fraction noninvasively in patients 
with significant aortic regurgitation and recommend 
aortic valve replacement when ejection fraction begins 
to decrease. 
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The incidence of repetitive ventricular beating in response to programmed 
single ventricular extrastimuli delivered during spontaneous rhythm was 
tabulated in 59 patients with recurrent ventricular tachycardia. Repetitive 
beating occurred in only nine patients (15 percent). The repetitive re- 
sponse seemed to be a result of bundle branch reentry in four subjects 
and possibly a result of other mechanisms in five. There was no difference 
in the incidence of repetitive beating or type of repetitive response in 
patients with and without ischemic heart disease. During an average 
patient follow-up period of 13.6 months, there were eight sudden and six 
nonsudden deaths. Life table analysis revealed a significantly greater 
incidence of sudden death in patients with ischemic than in patients with 
nonischemic heart disease. There was no significant difference in the 
incidence of sudden death in patients with and without repetitive beating. 
It is concluded that the repetitive response to single ventricular extra- 
stimulation is infrequent in patients with recurrent ventricular tachycardia, 
and that repetitive beating is not a prognostic indicator or an indicator of 
vulnerability to ventricular tachycardia. 


A controversy has developed regarding the incidence and clinical sig- 
nificance of postextrastimulus ventricular repetitive beating in human 
beings. Some investigators!-? have suggested that the repetitive response 
is a prognostic indicator, whereas others4^ have denied this thesis. 
Greene et al.? suggested that the repetitive ventricular response can be 
used to identify patients with life-threatening ventricular arrhythmias 
and patients after myocardial infarction at risk of arrhythmic compli- 
cations and death. In addition, they used the repetitive response to assess 
the efficacy of antiarrhythmic drug therapy in such patients.? Because 
these theses have significant implications, it is important to resolve the 
controversy regarding them. In this study we examined the incidence 
and prognostic significance of the repetitive ventricular response in a 
high risk group of patients with recurrent drug-refractory ventricular 
tachyarrhythmias who were subjected to programmed ventricular 
stimulation in the course of intracardiac electrophysiologic studies. 


Methods 


Patients: The 59 patients in this study were drawn from a larger group of 78 
subjects who had undergone intracardiac electrophysiologic studies in which 
ventricular arrhythmias were intentionally induced by programmed ventricular 
stimulation, as previously described.9 These studies were designed to assist in 
the selection of antiarrhythmic drugs for long-term therapy. The 59 patients 
included in the present study represent all those from the larger group of 78 
subjects who fulfilled the following selection criteria: (1) a history of recurrent 
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FIGURE 1. Examples of type | ventricular repetitive response. Left, surface electrocardiographic leads |, aVF and V , are recorded simultaneously 
with right atrial (AE), coronary sinus (CS), right ventricular (RV), and His bundle (HE) electrograms. The intervals between the bold and light time 
lines are 200 ms and 40 ms, respectively. His electrograms are marked “‘h.” During spontaneous sinus rhythm a single ventricular extrastimulus 
is delivered to the right ventricle 270 ms after the previous QRS complex, and a single ventricular repetitive beat is induced. Although no His electrogram 
can be seen preceding this extra beat, its QRS configuration is the same as that of the beat stimulated at the right ventricular apex, and thus this 
event is classified as a type | response. Center, lead V , is illustrated with right atrial (AE), right ventricular (RV) and His bundle (HE) electrograms. 
The two time lines mark a 1 second interval. In this case, the premature ventricular stimulus (s) induces a repetition that is preceded by a His bundle 
electrogram. Right, lead V, is again displayed with intracardiac electrograms. Time markings are the same as in the panel at left. In this patient, 
easily induced sustained ventricular tachycardia may be due to a type | mechanism, because each beat is preceded by a His bundle electrogram. 


a — atrial electrogram. 


(more than one episode) sustained ventricular tachycardia, 
documented as such with intracardiac recordings, or one or 
more episodes of ventricular fibrillation documented with 
electrocardiographic recordings obtained before cardioversion; 
(2) availability, either on magnetic tape or hard copy, of rel- 
evant ventricular extrastimulation studies (see criterion 4); 
(3) abstinence from all antiarrhythmic agents for at least 24 
hours before electrophysiologic study, with plasma concen- 
tration values at the time of study documenting absence or 
subtherapeutic levels of all antiarrhythmic agents the patient 
had recently taken; (4) performance during electrophysiologic 
study of complete diastolic scanning by V» stimulation (single 
ventricular extrastimuli delivered during spontaneous su- 
praventricular rhythm); and (5) recording of a clear, stable His 
bundle electrogram of spontaneous supraventricular com- 
plexes throughout the period of V5 extrastimulation. 

The patients were subdivided into those with and those 
without ischemic heart disease. A diagnosis of ischemic heart 
disease was made when there was a history of angina pectoris 
and electrocardiographic evidence of prior myocardial in- 
farction, or a history of angina pectoris with coronary angio- 
graphic documentation of significant coronary artery disease 
or a history of coronary bypass graft surgery with coronary 
angiographic evidence of significant coronary artery disease. 
Diagnoses in the patients without ischemic heart disease in- 
cluded valvular heart disease, a variety of cardiomyopathies, 
the Q- T interval prolongation syndrome and no identifiable 
heart disease. 

Repetitive response: Ventricular repetitions, defined as 
broad complexes of ventricular origin occurring reproducibly 
(on two or more occasions) within 500 ms of a Vo extrastimu- 
lus, were divided into two types: those with a pattern of left 
bundle branch block and left axis deviation, similar to the 
QRS configuration of the V? beats showing (in most cases) His 
deflections preceding the repetitions with an H-V interval 
equal to or greater than the H-V interval during sinus rhythm 
(type I) (Fig. 1), and those with a frontal or horizontal plane 
QRS vector distinctly different from that of the stimulated 


beats without His deflections preceding the repetitions (type 
II) (Fig. 2). The former type of repetition has been ascribed 
to bundle branch reentry? and the latter to reentry in the 
myocardium or its Purkinje network.5? Although the division 
of ventricular repetitions into these two types is made for the 
purposes of analysis and comparison with previously pub- 
lished studies, a clear distinction between the two types is not 
always possible. For example, bundle branch reentry may 
occur with an absent His spike because of technical difficul- 
ties, and with a QRS configuration considerably different from 
that of the stimulated beat because of intraventricular con- 
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FIGURE 2. Example of a type Il response. Surface electrocardiographic 
leads |, aVF and V , are displayed with right atrial (AE), right ventricular 
(RV) and His bundle (HE) electrograms. The bold time lines mark 1 
second and the light lines 200 ms intervals. A single programmed ex- 
trastimulus (s) inserted 335 ms after the previous spontaneous sinus 
beat induces a ventricular repetitive response that is not preceded by 
a His bundle electrogram and that displays a frontal and horizontal plane 
QRS vector different from that of the stimulated complex. h — His bundle 
electrograms. 
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TABLE | 
Patient Characteristics 
n % of Entire Group 
Total group 59 100 
Male 44 75 
Female 2 
Mean age (yr) 51.7 + 14 (SD) 
Clinical diagnosis 
Ischemic heart disease 34 58 
Prior myocardial infarction 28 47 
Nonischemic diseases 25 42 
Valve disease 6 10 
Cardiomyopathy 8 14 
Q-T prolongation 3 5 
No structural heart disease 8 14 


n = number; SD = standard deviation. 


duction delays independent of the macroreentry circuit. Such 
a combination of events could mimic type II reentry even 
though they were due to bundle branch reentry. In addition, 
reentry within the myocardium or local Purkinje tissue might 
occur near the extrastimulating electrodes and produce inci- 
dental retrograde His bundle capture. These events might 
produce a perfect mimic of type I or bundle branch reentry 
repetitive response, although it had a type II mechanism. It 
should also be pointed out that repetitions after Vo stimula- 
tion are usually single or unsustained when multiple and must 
be distinguished from sustained ventricular tachycardia, 
which is usually produced by two or three extrastimuli de- 
livered during ventricular drive. 

Extrastimulation technique: During the Və extrastimu- 
lation portion of these studies, patients were in an unsedated 
state. The right ventricular pacing catheter was inserted 
transvenously by percutaneous technique and positioned in 
the right ventricular apex. In each subject, two additional 
catheters were positioned for right atrial and His bundle 
electrographic recording. Carbocaine® was used exclusively 
for local anesthesia. Surface electrocardiographic leads I, aVF 
and Vj, filtered at more than 40 hertz, were recorded simul- 
taneously with intracardiac electrograms from the right 
atrium, His bundle and right ventricle. During V» extras- 
timulation, stimuli of 2 ms,duration and of twice the milliam- 
perage required for ventricular capture were introduced just 
before the QRS complex of the beat after the sensed beat; 
these stimuli were brought progressively closer to the sensed 
beat by 20 ms decrements, and then by 10 ms decrements at 
V;-V» intervals of less than 400 ms. After the right ventricular 
effective refractory period was encountered, the 60 ms period 
above the effective refractory period was rescanned in the 
reverse direction by 10 ms increments. Extrastimuli were 








TABLE Il 
Incidence of Ventricular Repetitive Response 
n 96 
Overall incidence 9 of 59 15 
Type |* 4 of 9 44 
Type II* 5 of 9 56 
In patients with IHD 4 of 34 12 
In patients without IHD 5 of 25 20 
IHD in type | 1of4 25 
IHD in type II 3of5 60 
* See text. 


IHD = ischemic heart disease. 


delivered after every 8th spontaneous supraventricular beat 
or when frequent premature ventricular complexes were 
present, after every 12th sensed QRS complex. 

Follow-up: Follow-up data were obtained in all patients 
during an office visit at this institution or by communication 
with the referring physician. Follow-up study was begun on 
the day of electrophysiologic study and reevaluations for the 
purpose of life table analysis were made at 6 month intervals. 
The end point in survival analysis was sudden death, defined 
as documented death due to arrhythmia in the hospital or 
sudden collapse out of the hospital followed by death within 
3 hours. Nonsudden deaths were defined as those that oc- 
curred as a result of a noncardiac disorder or resulted from a 
nonarrhythmic cardiac event (such as chronic congestive heart 
failure or cardiogenic shock due to acute myocardial infarc- 
tion). Patients were withdrawn from subsequent follow-up 
when they died a nonsudden death (n = 6), were lost to fol- 
low-up (n = 2) or underwent cardiac replacement (n = 2). Life 
tables and corresponding survival curves were constructed by 
the method of Cutler and Ederer,!? and standard errors for 
comparison of survival of subgroups calculated as suggested 
by Greenwood.!! 


Results 


Patient characteristics (Table I): The average age 
of the 59 patients at the beginning of the follow-up pe- 
riod was 51.7 + 14 (standard deviation) years (range 16 
to 75 years); 44 were male and 15 female. Thirty-four 
patients had ischemic heart disease, 28 of whom had had 
a prior myocardial infarction; 25 had nonischemic heart 
disease 6 of whom had valve disease, 8 cardiomyopathy, 
3 Q-T prolongation syndrome and 8 no identifiable 
cardiac disease aside from recurrent arrhythmia. 

Incidence of repetitive beating (Table II): Nine 
of the 59 subjects (15 percent) had reproducible ven- 
tricular repetitions after Və stimulation. Type I repe- 
titions were seen in four and type II in five of the nine 
instances of repetitive response. No subject had both 
a type I and a type II repetitive response. Four (44 
percent) of the nine patients had ischemic heart disease, 
one with a type I and three with a type II response. The 
other five patients with a repetitive response (66 per- 
cent) had nonischemic heart disease; three of these 
subjects showed type I and 2 showed type II repetition. 
Fisher's exact test showed no significant difference in 
the incidence of repetitive beating in the patients with 
ischemic and with nonischemic heart disease. Fur- 
thermore, within the group with ischemic heart disease, 
the incidence was similar in patients with and without 
prior myocardial infarction, and there was no prepon- 
derance of repetitive beating in any specific diagnostic 
category within the group of patients with nonischemic 
disease. 

Outcome: The total follow-up period comprised 802 
patient months. Average overall follow-up time was 13.6 
months per patient, and 16.2 months for subjects still 
under observation. Sudden death occurred in eight 
patients and nonsudden death in six. All eight sudden 
deaths occurred in patients with prior myocardial in- 
farction. 

The life table survival curves for multiple patient 
groups are illustrated in Figure 3 and the statistical 
differences between the curves are shown in Table III. 
There was a significantly greater mortality from sudden 
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death in patients with than in patients without ischemic 
heart disease. This difference was apparent at the first 
6 month follow-up interval and became greater at sub- 
sequent intervals. 

The incidence of sudden death in patients with and 
without a type II repetitive response was not signifi- 
cantly different.* Although the rate of sudden death was 
62.5 percent at 12 months for the five subjects with a 
type II response and 17 percent for patients without this 
response, there were too few subjects with this response 
to permit definition of a statistical difference. However, 
because no deaths occurred in subjects with a type I 
response, there was a significant inequality in sudden 
death between those with a type I and those with a type 
II response. 


Discussion 


Incidence of repetitive response to single ex- 
trastimuli: Although we found a 15 percent incidence 
rate of repetitive beating, Greene et al.? at Johns Hop- 
kins University reported an 88 percent incidence rate 
in a group of patients with a description similar to that 
of our group. It has been known since the studies of 
Wellens et al.!2!3 that ventricular tachycardia can be 
reproduced by ventricular stimulation in subjects with 
clinically recurrent ventricular tachycardia, although 
their studies did not explore the prognostic significance 
of arrhythmia induction. More recently, it has been 
demonstrated®!4:5 that antiarrhythmic agents capable 
of prohibiting induction of tachycardia also eliminate 
episodes of spontaneous tachycardia and thus may 
improve survival. In the latter studies, sustained 
tachycardias similar to the clinically recurrent ar- 
rhythmias were induced, and conclusions regarding 
drug efficacy were based on whether reinduction of 
sustained tachycardia was possible after drug admin- 
‘stration. Greene et al.23 suggested that single repetitive 
ventricular responses or multiple repetitions after V2 
stimulation occur frequently in patients with recurrent 
ventricular tachycardia and that this repetitive response 
can be used both to identify postinfarction patients with 
a high risk of sudden death, and to assess the efficacy 
of antiarrhythmic therapy.? Our findings refute these 
conclusions. 

The findings of Greene et al. were also contradicted 
by other investigators,*° using a considerably different 
pacing technique: V» stimulation delivered during 
ventricular drive rhythm. It is likely that this method 
produces retrograde right bundle branch block with 
closely coupled V2 stimuli, thereby favoring the occur- 
rence of ventricular repetitions due to bundle branch 
reentry (type D), and perhaps even reducing the inci- 
dence of repetitions due to other mechanisms. These 
technical differences probably account for at least some 
of the disparity in results. However, this speculative 


* Standard errors (SE) on the cumulative proportion (p) quantities 
were determined by a method described by Greenwood.'! A z value 
for assessing differences between proportions was determined using 
the formula: | 
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FIGURE 3. Life table analysis of survival. The percent of patients without 
sudden death in each subgroup (ordinate) is plotted against consecutive 
6 month intervals of follow-up study (abscissa). The difference in in- 
cidence of sudden death between patients who had and did not have 
type Il ventricular repetitive responses (VR type Il& versus VR type IIS) 
was not statistically significant. In addition, there was no significant 
difference between all patients with (VR&) and all patients without 
(VRO) repetitive beating. A highly significant difference in incidence 
of sudden death was demonstrated between patients with prior myo- 
cardial infarction (MI) (and those with ischemic heart disease [IHD] 
regardless of prior infarction) and patients without ischemic heart dis- 
ease or prior infarction. In addition, a statistically significant difference 
in incidence of sudden death was found between patients with a type 
Il repetitive response (VR type !I®) and patients with a type | response 
(VR type IG). 


10 


argument cannot be used to explain the differences 
between our findings and those of Greene et al., because 
we performed V» stimulation during spontaneous su- 
praventricular rhythm; this method should be electro- 
physiologically similar or indistinguishable from the 
method of Və stimulation performed during atrial drive 
at rates slightly above the spontaneous sinus rate used 
by Greene et al. 

There are several other potential explanations for 
the differences in incidence. Our subjects with recur- 
rent ventricular tachycardia may differ in certain re- 
spects from those studied by the Johns Hopkins group. 
Whereas the incidence of coronary and noncoronary 
disease is similar in the two groups, our subjects may 


TABLE Ill 


Significance of Differences Between Actuarial Survival of 
Subgroups 


Comparison p Value* 
IHD* versus IHD «0.003 
IHD* versus MIT «0.003 
MI* versus IHD^ «0.003 
MI* versus MIT «0.003 
VR type I* versus VR type lIt «0.030 
VR type It versus VR type |7 NS 
VR type lIt versus VR type II^ NS 


* The significance (p) value refers to the latest comparable inter- 
vals. 

IHD — ischemic heart disease; MI — prior myocardial infarction; NS 
= p 70.050; VR = repetitive ventricular response (see text for definition 
of types | and Il); + = patients with; — = patients without. 
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have been referred at a different stage of development 
of the disease process. As a result, patients likely to 
demonstrate repetitive responses after V» stimulation 
might have been excluded from our group by some un- 
specified time-dependent variable. 

Antiarrhythmic drug therapy may also account for 
the difference in the incidences of repetitive beating in 
the two studies. Our patients were treated very ag- 
gressively, usually on the basis of findings during elec- 
trophysiologic study, which may have improved their 
survival and thereby eliminated the predictive value of 
the repetitive response. However, this possibility cannot 
explain our lower incidence of repetitive beating. The 
Johns Hopkins study did not indicate whether all 
antiarrhythmic agents were discontinued before elec- 
trophysiologic study. It is conceivable that a significant 
number of their subjects underwent study while being 
treated with antiarrhythmic drugs, and that these drugs 
actually increased the incidence of repetitive beating. 

Differences in stimulation technique may also ac- 
count for the varying incidence rates of repetitive 
beating in the two studies. We used square wave stimuli 
of 2 ms duration whereas Greene et al. used stimuli of 
unspecified configuration of 0.9 ms duration. We used 
a constant current generator that was carefully cali- 
brated against a 500 and a 1,000 ohm resistance to 
document the accuracy of the selective current outputs. 
Greene et al. did not indicate if they utilized a constant 
current generator. Thus, possible differences in the 
nature of the delivered stimuli between the two studies 
might have affected the incidence of repetitive beating. 
There may also have been significant differences in the 
extent of the attempts to induce repetitive beating with 
Vo stimulation. Although our method of diastolic 
scanning with the V» stimulus seemed to be as rigorous 
or more rigorous than that used by the Johns Hopkins 
group, unlike them, we did not reposition our ventric- 
ular catheter for additional attempts at induction when 
repetitive responses were not elicited. However, because 
they did not comment on the incidence of positive re- 
sponses resulting from repositioning of the catheter, it 
is not possible to assess the importance of this proce- 
dural difference. 

There is one other potential explanation for the 
difference in the incidence of repetitive response. We 
recorded His and atrial electrograms in all of our pa- 
tients and found that “interpolation” of the V» stimulus 
with QRS aberrancy of the subsequent spontaneous 
supraventricular beat in patients with a spontaneous 
cycle lengths below 700 ms and retrograde ventricu- 
loatrial block occurred fairly commonly. Because 
Greene et al. obtained multiple intracardiac electro- 
grams in only a minority of their patients, it is possible 
that aberrantly conducted supraventricular beats were 
confused with ventricular repetitions in some cases, 
thereby increasing the apparent incidence of the re- 
petitive response. 

Repetitive ventricular response and sudden 
death: Our findings regarding the capacity of the re- 
petitive response to predict subsequent sudden death 
also differ from those of Greene et al.2 However, they 
studied their postinfarction patients on the average 


within 1 month of acute myocardial infarction, whereas 
all of our subjects were studied at least 3 weeks and 
usually much longer after their most recent myocardial 
infarction. This difference could explain the lack of a 
significant prognostic value of the repetitive response 
in our report. Perhaps the repetitive ventricular re- 
sponse loses its predictive power after the early post- 
infarction period, although the Johns Hopkins study 
indicated that the duration of time after infarction 
had no bearing on the predictive value of this response. 

Although differences in patient characteristics and 
management make it difficult to compare directly our 
data on survival and the predictive power of induced 
ventricular repetitions with those of Greene et al., our 
findings do suggest that the repetitive response cannot 
be used to predict outcome in patients treated for re- 
current ventricular tachycardia. The more rigorous test, 
induction of sustained ventricular tachycardia by 
multiple extrastimulation,9.14-16 seems superior. In 
addition, the prominent infrequency of repetitive re- 
sponses in our patients with recurrent ventricular 
tachycardia demonstrates the invalidity of the repetitive 
response as a marker of vulnerability to life-threatening 
ventricular arrhythmias. 

Certain aspects of our survival data are noteworthy. 
Our subjects had a relatively low incidence of sudden 
death compared with the incidence in previous studies 
in similar patient groups.!7.18 This difference might 
relate to our aggressive approach to selection and 
long-term administration of antiarrhythmic drugs. The 
absence of sudden death in our patients without prior 
myocardial infarction is especially conspicuous. This 
finding suggests that so-called life-threatening ven- 
tricular arrhythmias are less malignant or more re- 
sponsive to antiarrhythmic drug therapy in patients 
without than in those with prior infarction. It is also 
notable that all but one of the sudden deaths in our se- 
ries occurred within the first two 6 month follow-up 
intervals. The mean time to sudden death was 5.9 
months; only one sudden death occurred after 8 months 
of follow-up, and none after 20 months. Perhaps one can 
speculate that long-term survivors "outgrow" their ar- 
rhythmias, and thus might not require permanent 
antiarrhythmic therapy. 

Implications: We conclude that the repetitive ven- 
tricular response due to bundle branch reentry or other 
mechanisms occurs infrequently with Və stimulation 
in patients with recurrent ventricular tachyarrhythmias 
whether or not they have ischemic heart disease or a 
history of myocardial infarction. Furthermore, the re- 
petitive ventricular response does not appear to be a 
predictor of subsequent outcome in these patients, again 
regardless of the underlying cardiac disease. Although 
the use of induction of sustained ventricular arrhyth- 
mias similar to the patients' clinical rhythm distur- 
bances appears to be a valid method for assessing vul- 
nerability to serious ventricular arrhythmias and for 
selecting antiarrhythmic drug therapy in these patients, 
we do not recommend using the repetitive ventricular 
response to V» stimulation as a method for assessing 
vulnerability to arrhythmias, prognosis or therapy in 
patients with recurrent ventricular tachycardia. 
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Prognostic significance of ambulatory electrocardiographic monitoring 
and exercise testing was studied in 144 patients with established ischemic 
heart disease. A follow-up study showed that 10 sudden deaths occurred 
within 2 years. The univariates most strongly associated with the sub- 
sequent occurrence of sudden death included reduced maximal exercise 
heart rate, exercise-induced frequent ventricular arrhythmias, complex 
ventricular arrhythmias revealed by 24 hour ambulatory electrocardio- 
graphic monitoring and onset of S-T segment depression during exercise 
testing. Groups of patients at very high and very low risk of sudden death 
were identified using conjunction and inclusive disjunction of the foregoing 
variables. The presence of bivariate and trivariate combinations was 
associated with an increase up to 20-fold in the incidence of sudden death. 
Patients with the poorest prognosis were those who stopped exercise 
before achieving a high heart rate and who exhibited either pronounced 
electrocardiographic abnormalities during stress testing or complex 
ventricular arrhythmias during ambulatory monitoring. Combinations of 
exercise variables identified patients at a very high risk of sudden death, 
whereas combinations of monitoring variables appeared to be preferable 
for defining groups of patients at very low risk. The results obtained suggest 
that the two methods carry different prognostic information and, therefore, 
may complement each other in identifying potential victims of sudden 
Cardiac death. 


Sudden death is the leading type of death in industrially developed 
countries!” and therefore it is important to identify potential victims 
so that prophylactic measures can be instituted. Available data indicate 
that ventricular arrhythmias in patients with ischemic heart disease 
constitute a risk factor for sudden death. Because ventricular arrhyth- 
mias are usually sporadic and elusive, prolonged electrocardiographic 
monitoring and exercise stress testing have lately been used for detection 
of ventricular extrasystoles. It has been suggested® that ambulatory 
electrocardiographic monitoring and exercise testing provide different 
information regarding the electrophysiologic state of the myocardium 
and that the finding of ventricular extrasystoles may have different 
implications in relation to susceptibility to sudden death depending on 
which technique has been used. It has also been demonstrated by recent 
investigations^ that not only arrhythmias, but also other variables 
observed during exercise testing, correlate with subsequent cardiac 
death. It is therefore reasonable to assume that patients at high risk of 
sudden death would be better identified by multivariate analysis based 
on data obtained during both Holter monitoring and exercise stress 
testing. Preliminary study at our Center has confirmed this assumption. 
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This paper reports the results of this study, which has 
been carried out within the framework of the program 
on Problem Area 5 of the USA-USSR Agreement for 
Cooperation in the Field of Medical Science and Public 
Health. 


Methods 


Patients: The study group consisted of 144 men with es- 
tablished ischemic heart disease. Their ages ranged from 31 
to 64 years (mean 51). These patients were studied 3 months 
or longer after a definite or probable myocardial infarction. 
The criteria for this diagnosis were based on recommendations 
adopted by the World Health Organization." 

Patients with clinical heart failure, *unstable angina" and 
blood presure at rest exceeding 180/110 mm Hg were excluded 
from the study, as were patients with frequent and complex 
ventricular arrhythmias revealed by a standard electrocar- 
diogram recorded at rest. Patients who had received digitalis 
preparations or antiarrhythmic agents within 5 days of the 
exercise test were also excluded. 

Exercise testing and Holter monitoring: Continuous 
electrocardiographic recordings were obtained in all patients 
by means of a portable cassette tape unit developed by the 
American Optical Company. Ambulatory monitoring pre- 
ceded exercise testing, and in no case were the procedures 
conducted more than 5 days apart. Progressive multistage 
bicycle exercise testing was carried out in all the patients in 
a manner following our previously described protocol.’ The 
exercise electrocardiogram was displayed on an oscilloscopic 
monitor and inscribed on a chart recorder. The electrocar- 
diographic signal was also recorded continuously on magnetic 
tape. Exercise was terminated if 85 percent of the age-pre- 
dicted maximal heart rate was achieved. Tests were also 
stopped because of the onset of chest pain, claudication, dis- 
abling fatigue, the refusal to continue exercise by a poorly 
motivated patient and blood pressure elevation greater than 
220/120 mm Hg. Only seven tests were terminated because 
of ventricular tachycardia or frequent arrhythmias, bigeminy 
in particular. S-T segment depression was not an indication 
for terminating the test. 

Grading of ventricular arrhythmias: The 24 hour con- 
tinuous electrocardiographic records and exercise electro- 
cardiograms were analyzed witli a high speed Holter playback 
analyzer and a low speed paper recorder. Ventricular extra- 
systoles revealed by the 24 hour monitoring were graded ac- 
cording to the scheme of Lown.? Grade 0 represented absence 
of ventricular extrasystoles, grade 1 occasional extrasystoles, 
grade 2 frequent extrasystoles (more than 30/hour), grade 3 
multiform extrasystoles, grade 4 repetitive pairs or runs (three 
or more in sequence) and grade 5 early ventricular extrasys- 
toles with T wave interruptions. Exercise-induced ventricular 
extrasystoles were graded similarly, except for grade 2, which 
was defined as three or more extrasystoles per minute. The 
quality of the interpretations was checked by two independent 
analyses of the tape recordings. 

Other exercise variables noted included: (1) heart rate 
attained during exercise; (2) peak systolic blood pressure 
during exercise; (3) rate-pressure product; and (4) horizontal 
or downsloping S-T segment depression of 0.1 mV or greater 
persisting at least 0.08 second. 

Follow-up study: All patients were followed up for 2 years 
to determine cardiac outcome. Follow-up information was 
obtained by staff cardiologists during a clinic visit or exami- 
nation at home or by telephone. The data obtained during 


Holter monitoring and exercise testing were not used as cri- 
teria for recommending further pharmacologic treatment. 
Therefore the drug therapy of patients was not taken into 
consideration in the analysis of outcome. Those patients who 
had aortocoronary bypass grafting during the follow-up period 
were excluded from the analysis. 

By design the analysis was limited to sudden cardiac 
death. For diagnosis of sudden death we used the criteria 
recommended by the World Health Organization,!? which 
classify sudden death as one that occurs unexpectedly and 
within 6 hours from the onset of symptoms. 

Statistical analysis: All monitoring and exercise variables 
were analyzed by prognostic stratification, a technique pre- 
viously used and described by Bigger et al.!! The technique 
divides the total study group into two subgroups on the basis 
of one or more dichotomous variables in order to maximize the 
difference in outcome between the two subgroups. Discrete 
variables, such as grades of ventricular extrasystoles, were 
noted as present or absent. Continuous variables, such as 
maximal heart rate achieved during exercise, were optimally 
dichotomized with respect to outcome. 

Using prognostic stratification, we determined the pre- 
dictive value of both univariates and their combinations for 
sudden death within 2 years. We grouped variables into 
combinations using conjunction and inclusive disjunction. 
Patients with a conjunction type of combination had all 
variables included in the combination. Patients with a 
disjunction type of combination had at least one variable in- 
cluded in the combination. Certain trivariates included both 
conjunction and disjunction of variables. It was noted that the 
absence of a significant association between univariates and 
subsequent sudden death does not necessarily imply the ab- 
sense of such association for their combinations. Therefore, 
we used all the univariates to establish all the possible bivar- 
iates and trivariates. 

Prognostic stratification on the basis of monitoring and 
exercise variables resulted in construction of a 2 X 2 matrix 
for each variable and each combination of variables; predictive 
accuracy, risk ratio, sensitivity and specificity were calculated 
for each matrix (Table I). Chi square analysis was performed 
to determine the significance of association. 


TABLE | 
2 X 2 Matrix for Risk Stratification 





Characteristic Sudden Death 
(Variable or Combination of Variables) Present Absent 
Present TP FP 
Absent FN TN 
Eus M IM 
Sensitivity — TP + FN X 100 
TN 
Y. snc x 
Specificity INF FP 100 
TP 
n g LAE 
Predictive accuracy TP + FP 100 
LSU TIPS" P FFP) 
Risk ratio FN : (FN F TN) 


FN = false negative, number of patients with the characteristic ab- 
sent who died suddenly; FP — false positive, number of patients with 
the characteristic present who did not die suddenly; TN — true negative, 
number of patients with the characteristic absent who did not die sud- 
denly; TP — true positive, number of patients with the characteristic 
present who died suddenly. 
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Results 

Sudden deaths: Within 2 years of the follow-up 
study, 12 cardiac deaths were reported among 144 pa- 
tients with established ischemic heart disease, an inci- 
dence rate of 8.3 percent. Of these deaths, 2 were not 
sudden and 10 were sudden. These 10 sudden deaths, 
which accounted for 83 percent of the reported cardiac 
deaths, form the basis of this analysis. The average age 
of the patients who died suddenly was 54 years (range 
39 to 63 years). Nonsudden cardiac deaths and non- 
cardiac deaths were not evaluated. 

Univariates: Only two univariates were significantly 
associated with sudden death within 2 years (p « 0.05). 
These were characteristics of maximal heart rate at- 
tained during exercise and of exercise-induced frequent 
ventricular arrhythmias. 

The maximal exercise heart rate, dichotomized at 
115 beats/min, stratified the study group into two 
subgroups with significantly different sudden death 
rates. Exercise was stopped at a heart rate of 115 
beats/min or less in 58 patients, and in most cases tests 
were terminated because of precipitation of angina 
pectoris (28 tests) or the occurrence of disabling fatigue 
(17 tests). Only three tests were discontinued because 
of bigeminy or ventricular tachycardia (three or more 
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consecutive extrasystoles). Of the 58 patients with a 
reduced maximal exercise heart rate, 8 (14 percent) died 
suddenly within 2 years of the follow-up period, whereas 
only 2 died suddenly (less than 2.5 percent) among the 
86 who attained a higher heart rate during exercise. 

The sudden death rate of the 20 patients with exer- 
cise-induced grade 2 ectopic activity was 20 percent 
compared with a rate of 5 percent for 124 patients 
without frequent ventricular extrasystoles observed 
during exercise testing. 

The presence of exercise-induced S- T segment de- 
pression and grades 3 and 4 ventricular extrasystoles 
revealed by 24 hour Holter monitoring was associated 
with a threefold increase in the incidence of sudden 
death; each of these three univariates, however, was not 
a significant “risk factor" (chi square = 2.10, 1.66 and 
1.26, respectively). Table II does not list those univar- 
iates that (1) appeared to be of no predictive value and 
(2) had a very low sensitivity rate (that is, were present 
only in one or two victims of sudden death). 

Bivariates: Table III lists the 10 bivariates signifi- 
cantly associated with the 2 year sudden death rate. It 
should be noted—in comparing the prognostic value of 
bivariate combinations and univariates—that all sud- 
den deaths reported in patients with exercise-induced 








TABLE Il 
Prognostic Significance of Univariates for Sudden Death Within 2 Years of Follow-Up 
2X2 Predic- 

Uni- Matrix tive Sensi- Speci- 

vari- (number of Accuracy Risk tivity ficity Chi 

ate patients) (96) Ratio (96) (96) Square 

HR 8 50 14 80 63 5.39* 
2 84 

ET? 4 16 20 40 88 4.00* 
6 118 

ST 6 43 12 60 68 2.10 
4 91 

PM, 4 24 14 40 82 1.66 
6 110 

PM 10 106 8.5 100 19 1.43 
0 28 

PM3 7 62 10 70 , 64 1.26 
3 72 | 

RPP 6 50 11 60 63 1.17 
4 84 

PM> 4 31 11 40 77 0.67 
6 103 

ET 6 64 9 15 60 52 0.18 
4 70 

* p «0.05. 


ET = any ventricular extrasystoles during exercise test; ET; = grade 2 ventricular extrasystoles during exercise test; HR — maximal exercise 
heart rate not greater than 115 beats/min; PM = any ventricular extrasystoles during prolonged monitoring; PM = grade 2 ventricular extrasystoles 
during prolonged monitoring; PM3 = grade 3 ventricular extrasystoles during prolonged monitoring; PM, = grade 4 ventricular extrasystoles during 
prolonged monitoring; RPP = rate-pressure product (maximal systolic blood pressure X maximal heart rate X 1072) of less than 200 units; ST 


= depression of S-T segment during exercise test. 


1134 June 1980 The American Journal of CARDIOLOGY Volume 45 


EXERCISE AND AMBULATORY ELECTROCARDIOGRAPHY IN ISCHEMIC HEART DA : 


S-T segment depression and grade 2 ventricular ectopic 
activity occurred in subjects who had stopped exercise 
at a low heart rate. Of the nine patients with grade 2 
ventricular extrasystoles induced by exercise that had 
been terminated at a heart rate of 115 beats/min or less, 
four (44 percent) died suddenly within 2 years of fol- 
low-up. The presence of this conjunction-type combi- 
nation of exercise variables was associated with a 10-fold 
increase in the incidence of sudden death. Also associ- 
ated with a 10-fold increase in sudden death was S-T 
segment depression during exercise testing that had 
been stopped at a heart rate of 115 beats/min or less. Of 
the 19 patients with this bivariate, 6 (32 percent) died 
suddenly. There were no sudden deaths in 11 patients 
with grade 2 ectopic activity who had a higher maximal 
exercise heart rate or in the 30 patients with S-T seg- 
ment depression who attained a heart rate greater than 
115 beats/min. 

Of the 10 bivariates listed in Table III, 6 are combi- 
nations of both monitoring and exercise variables. 
Better prognostic stratifications were obtained using 
inclusive disjunction of those variables. Thus, of the 40 


patients with grade 4 ventricular extrasystoles revealed 
by 24 hour Holter monitoring or exercise-induced grade 
2 ectopic activity or both, 8 (20 percent) died suddenly 
within 2 years, whereas the sudden death rate of 104 
patients with neither variable was only 2 percent. This 
bivariate had a sensitivity rate of 80 percent and a 
specificity rate of 76 percent. 

Trivariates: Eight trivariates listed in Table IV 
identified patients at very high and very low risk of 
sudden death. The presence of these combinations was 
associated with no less than a 10-fold increase in the 
sudden death rate. Prognostic stratification using all the 
listed characteristics was significant at p <0.001. 

The best prognostic stratification was obtained using 
inclusive disjunction of exercise-induced grade 2 ven- 
tricular extrasystoles and grade 4 extrasystoles revealed 
by Holter monitoring in conjunction with reduced 
maximal exercise heart rate. Of the 17 patients with a 
maximal exercise heart rate of 115 beats/min or less who 
had also exhibited frequent ventricular extrasystoles 
during exercise testing or repetitive extrasystoles during 
prolonged monitoring or both, 7 (41 percent) died 





TABLE Ill 
Prognostic Significance of Bivariates for Sudden Death Within 2 Years of Follow-Up Study 
2X2 Predic- 
Matrix tive Sensi- Speci- 
(number of Accuracy Risk tivity ficity Chi 
Bivariate patients) (96) Ratio (96) (96) Square 
HR & ST 6 13 32 10 60 90 16.40* 
4 121 
HR & ET; 4 5 44 10 40 96 15.16* 
6 129 
ET; V PM, 8 32 20 10 80 76 11.94* 
2 102 
ET? & ST 3 5 38 T 30 96 7.74t 
7 129 
ETs V PMs 5 17 23 5 50 87 7.33! 
5 117 
HR & PM3 6 26 19 5 60 75 6.68! 
4 108 
ST & PM; 5 19 21 5 50 86 6.21: 
5 115 
HR & PM, 3 8 27 5 30 94 4.595 
7 126 
PM; V PM, 9 67 19 8 90 50 4.485 
1 67 
ST V PMs; 7 45 13 4 70 66 3.895 
3 89 
* p < 0.001. 
t p < 0.01. 
tł p < 0.02. 
8 P < 0.05. 


PM; = grade 5 ventricular extrasystoles during prolonged monitoring; V = symbol of inclusive disjunction; & = symbol of conjunction. Other 


abbreviations as in Table ll. 
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suddenly within 2 years. The sudden death rate of the 
127 patients without this trivariate was only 2.4 percent. 
The trivariate had a sensitivity rate of 70 percent and 
a specificity rate of 93 percent. 

The death rate was 100 percent in three patients 
with both frequent ventricular extrasystoles and S-T 
segment depression induced by exercise that had been 
terminated before a high heart rate was achieved. AI- 
though three is a very small number, the very high chi 
square value (27.66) suggests that, were a larger group 
evaluated, this trivariate combination would be signif- 
icantly associated with sudden death. 

The reduced maximal exercise heart rate did not 
constitute an independent risk factor for sudden death 
(Tables II and IV). Thus, for example, of the 58 patients 
who stopped exercise at a heart rate of 115 beats/min 
or less, 41 had neither grade 4 ventricular extrasystoles 
during monitoring nor grade 2 extrasystoles during 
exercise testing, and only 1 sudden death (2.4 percent) 
occurred in this subgroup. Patients with reduced max- 
imal heart rate but with neither S-T segment depression 
nor ventricular arrhythmias induced by exercise had an 
excellent prognosis: All 24 patients in this subgroup 
survived 2 years. 

One trivariate not listed in Table IV should be noted. 
This is the following disjunction-type of combination 
of monitoring variables: Frequent ventricular extra- 
systoles and/or multiform extrasystoles and/or repeti- 
tive extrasystoles. The absence of this combination was 
associated with the lowest risk of sudden death. Of the 


61 patients with neither of the foregoing characteristics 
(41 percent of the study group), none died within the 2 
year follow-up period. Prognostic stratification on the 
basis of this trivariate was significant at p «0.02 (chi 
square = 6.14). 


Discussion 


In our study, sudden death accounted for most of the 
reported cardiac deaths in patients with prior myocar- 
dial infarction, a finding in agreement with the results 
of several other studies.*!:1? The cardiac death rate in 
our study of 8.3 percent in 2 years is comparable with 
the death rate for patients with chronic ischemic heart 
disease.1?:!4 This fairly low rate may be due to the late 
timing of our study—3 months or longer after myocar- 
dial infarction— because the largest incidence of cardiac 
death is observed in the hospital and early posthospital 
phases of infarction.1^!?!5 In addition, we excluded 
from our study severely symptomatic patients, that is, 
those with *unstable angina" and clinical heart failure 
as well as those with frequent and complex ventricular 
arrhythmias revealed by a standard 12 lead electro- 
cardiogram. Thus, the purpose of our study was to de- 
termine the prognostic value of monitoring and exercise 
variables in patients with established ischemic heart 
disease whose symptoms are sufficiently mild that they 
would not be considered candidates for operative 
therapy or aggressive pharmacologic treatment on the 
basis of a routine clinical examination. In our view, it is 


Sensi- Specifi- 

Risk tivity ficity Chi 

Ratio (96) (96) Square 
17 70 93 29.20* 
20 30 100 27.66* 
13 50 96 24.08* 
14 70 90 21.93* 
12 70 87 18.08* 
10 50 94 16.93* 
11 70 86 16.01* 
13 80 81 15.73" 


TABLE IV 
Prognostic Significance of Trivariates for Sudden Death Within 2 Years of the Follow-Up Study 
2X2 Predic- 
Matrix tive 
(number of Accuracy 

Trivariate patients) (96) 

HR & (ET? V PM,) 7 10 41 
3 124 

HR & ET2 & ST 3 0 100 
7 134 

HR & (ET? V PMs) 5 5 50 
5 129 

HR & (ST V PMs) 7 14 33 
3 120 

HR & (ET? V ST) 7 17 29 
3 117 

HR & ST & PM3 5 8 38 
5 126 

HR & (ST V PM4) 7 19 27 
3 115 

HR & (ET V ST) 8 26 24 
2 108 





* p «0.001. 
Abbreviations as in Tables II and Ill. 
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the study of these patients that may prove the need for 
extensive application of ambulatory electrocardio- 
graphic monitoring and exercise stress testing as 
methods providing diagnostic and prognostic infor- 
mation that could not be otherwise obtained. 

Complex ventricular arrhythmias on 24 hour 
recordings: Our finding that complex ventricular ar- 
rhythmias revealed by prolonged monitoring were as- 
sociated with an increased incidence of sudden death 
in the late postinfarction period is in agreement with 
data from previous reports.!9!7 Even so, it should be 
emphasized that frequent and complex ventricular 
extrasystoles are revealed in most patients with estab- 
lished ischemic heart disease and are not, therefore, 
good predictors of sudden death. In our study, the 
presence of complex ventricular extrasystoles on the 24 
hour electrocardiographic records was not associated 
with more than a 14 percent sudden death rate in the 
2 year follow-up period. 

Exercise-induced ventricular arrhythmias: Little 
information is available concerning the prognostic value 
of exercise-induced ventricular arrhythmias, perhaps 
because until recently interest has largely been focused 
on the effect of exercise on S- T segments and T-waves. 
Nevertheless, Ericsson et al.!? observed a fourfold in- 
crease in mortality associated with the presence of ex- 
ercise-induced grade 2 or higher ectopic activity in their 
study group of 100 postinfarction patients. In our study, 
the presence of frequent ventricular arrhythmias during 
exercise was also associated with a fourfold increase in 
the incidence of sudden death. Of the 20 patients with 
exercise-induced grade 2 ectopic activity, 4 died sud- 
denly within 2 years, which represents a 20 percent 
predictive accuracy of the characteristic. 

Ischemic S-T depression and blood pressure 
during exercise: We found a threefold increase in the 
incidence of sudden death in patients who exhibited 
ischemic S-T segment depression during exercise, but 
the association was not significant (p 70.05). We found 
no association between maximal systolic blood pressure 
on exercise and subsequent sudden death. In contrast 
to the findings of Bruce et al.,* no patient in our study 
had a maximal systolic blood pressure of less than 130 
mm Hg; this difference could be attributed to the dif- 
ferences in protocols and devices used in the perfor- 
mance of stress testing.!? 

Reduced maximal exercise heart rate: Previous 
workers*$ found that reduced maximal heart rate on 
exercise was a significant predictor of cardiac death. In 
our study, this univariate was most strongly associated 
with subsequent sudden death. Nevertheless, multi- 
variate analysis demonstrated that low peak exercise 


heart rate was not an independent risk factor in our 
study. This variable was significantly associated with 
sudden death only in patients in whom it was accom- 
panied by other abnormalities observed during Holter 
monitoring and exercise testing. We also noted that 
exercise-induced electrocardiographic abnormalities 
were of no prognostic value when they developed during 
a test terminated at a high heart rate. In our opinion, 
this finding may serve as an argument in favor of sub- 
maximal exercise testing in patients with established 
ischemic heart disease, and we agree with McHenry and 
Fisch???! that if a patient reaches a certain percentage 
of his predicted maximal heart rate without experi- 
encing end point symptoms, it is unlikely that his con- 
tinuing exercise to a maximal" effort will provide ad- 
ditional clinical and prognostic information. 

Prognostic implications: Using multivariate anal- 
ysis we were successful in selecting simple, noninvasive 
predictors of sudden death that had both high sensi- 
tivity and high predictive accuracy. These were ob- 
tained by the use of (1) two different techniques (exer- 
cise testing and Holter monitoring) and (2) inclusive 
disjunction in establishing combinations of variables. 
It is known that some prognostically significant vari- 
ables—frequent and complex ventricular arrhythmias, 
in particular—are not necessarily exposed in a patient 
by the two methods.??? This then explains the high 
prognostic significance of those disjunction-type com- 
binations, which included characteristics from both 
prolonged monitoring and exercise testing. Thus, in- 
clusive disjunction of exercise-induced grade 2 ectopic 
activity and grade 4 ventricular extrasystoles revealed 
by Holter monitoring—in conjunction with reduced 
maximal exercise heart rate—identified a high risk 
subgroup that accounted for less than 12 percent of the 
study group but for 70 percent of the sudden deaths 
reported within 2 years. The sudden death rate in this 
subgroup was 17 times as high as that in patients with- 
out the combination. 

When the prognostic significance of the exercise 
stress test is compared with that of 24 hour Holter 
monitoring, it should be noted that combinations of 
exercise variables identified patients at a very high risk 
of sudden death, whereas monitoring bivariates and 
trivariates was preferable for defining very low risk 
subgroups. Thus, we observed 100 percent mortality in 
patients with both frequent ventricular arrhythmias 
and S-T segment depression during exercise that had 
been terminated before a high heart rate was achieved. 
In contrast, there were no deaths in patients with nei- 
ther frequent nor complex ventricular extrasystoles 
revealed by Holter monitoring. 
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The effect of turbulent blood flow on the contour of systolic pressure in 
the left and right ventricles and great vessels was investigated in 64 pa- 
tients undergoing diagnostic cardiac catheterization. Intracardiac pressure 
and sound were recorded using a catheter-tip micromanometer. Mea- 
surements were made in normal subjects and patients with a variety of 
disorders including aortic stenosis, hypertrophic obstructive cardiomy- 
opathy, coarctation of the aorta and atrial septal defect. Observations 
showed a consistent association of the intracardiac murmur, which is 
indicative of turbulence, with a transient reduction of the centrally re- 
corded systolic pressure. The resultant abnormal systolic pressure contour 
can be explained on the basis of fluid dynamic considerations related to 
turbulence. 


Distinct changes in the contour of aortic and left ventricular pressure 
occur in the presence of various cardiac disorders, in particular as a result 
of the presence of valve disease and other forms of blood flow obstruc- 
tions.1-9 Several physiologic factors have been suggested to interact in 
affecting the form of the aortic pressure contour.?/? These factors in- 
clude distensibility of the aortic wall, stroke volume, blood velocity, heart 
rate and the rate, pattern and duration of ventricular ejection as well as 
variations in peripheral resistance and blood viscosity.?7-19 Any changes 
that may occur in these variables during disease states would therefore 
be expected to affect the contour of the aortic and possibly left ventric- 
ular pressure. In view of this, many investigators have used the contours 
of the aortic and ventricular pressures as additional diagnostic indicators 
of various cardiac abnormalities,!-!! particularly in the assessment of 
aortic valve stenosis!?-14^ and hypertrophic obstructive cardiomyopa- 
thy.15-16 One of the changes in the contour of the central aortic pressure 
pulse is the systolic double-peaked pressure pulse or bisferious pulse 
commonly described in hypertrophic obstructive cardiomyopathy and 
in combined aortic stenosis and regurgitation.® Another form of dou- 
ble-peaked pressure pulse is the anacrotic pulse, in which the initial 
systolic wave (the percussion wave) is not as high as the second late 
positive wave (the tidal wave). However, the mechanism responsible 
for a bisferious pulse and an anacrotic pulse is not clear.? 

The purpose of this investigation is to demonstrate the effect of dis- 
turbed or turbulent flow on the contour of pressure in the ventricles and 
great vessels, in particular in relation to bisferious and anacrotic pulses. 
We will suggest a mechanism based on fluid dynamic theory that im- 
plicates turbulent blood flow in the production of these contour changes 
in central pressure. 
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TABLE | 


Diagnoses in Patients In Whom Pressure and Sound 
Measurements Were Made in the Aorta and Left Ventricle 





Cases 

Diagnosis (n) 

Normal 10 
Coronary artery disease 8 
Cardiomyopathy 2 
Hypertrophic obstructive cardiomyopathy 7 
Congenital aortic stenosis 3 
Pure aortic insufficiency 8 
Combined aortic stenosis and regurgitation 10 
Coarctation of aorta 1 
Total 49 





Methods 


Patients: Intracardiac pressure and sound were recorded 
simultaneously in 64 patients undergoing diagnostic cardiac 
catheterization. Pressures and sound were measured on the 
left side of the heart in 49 and on the right side of the heart in 
15. The diagnoses in the 49 patients who had left-sided studies 
are shown in Table I. Ten of the 15 patients whose pulmonary 
arterial and right ventricular pressures and intracardiac sound 
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FIGURE 1. Aortic (AO) sound and pressure in three patients with no 
cardiac abnormality. In each of the patients, the left ventricular ejection 
fraction exceeded 70 percent. Small reductions of pressure (arrows) 
occurred during mid ejection and were associated with low amplitude 
ejection murmurs. ECG = electrocardiogram. 
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were measured had normal right-sided hemodynamics, and 
5 had an atrial septal defect, secundum type. 

Pressure and sound measurements: Intraventricular 
pressure and sound were measured using a catheter-tip mi- 
cromanometer (Millar Instruments, Houston, Texas). Sound 
and pressure were measured using the same transducer ac- 
cording to methods previously described.!? Sound recordings 
were obtained by filtering the low frequency components of 
the pressure signal and amplifying the upper frequency range. 
The low frequency cutoff in the sound mode, when a 10 meg- 
ohm loading was used, was 6 decibels at 40 hertz, 3 decibels 
at 50 hertz and flat above 90 hertz (manufacturer's specifi- 
cations). The method of calibrating the amplitude of the in- 
tracardiac sound has also previously been described.!7 

The pressure-sensing element is an ultraminiature silicone 
strain gauge semiconductor designed specifically for cathe- 
ter-tip applications. The sensor is located near the tip of the 
catheter on the lateral surface. The transducer has a high 
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FIGURE 2. Aortic (AO) pressure and sound in three patients: Top, a 
patient with complete occlusion of the right coronary artery and a normal 
left ventricular ejection fraction (62 percent). Center, a patient with 
severe three vessel coronary disease, a low ejection fraction (28 per- 
cent) and low stroke volume (27 ml/beat). Bottom, a patient with car- 
diomyopathy, a low ejection fraction and low stroke volume (30 ml/ 
beat). In the presence of a normal stroke volume (top) an ejection 
murmur was present, and a small systolic trough occurred in the aortic 
pressure tracing (arrow). In the patients with a reduced stroke volume 
(center and bottom), there was no murmur, and the pressure showed 
no systolic trough. 
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signal to noise ratio and good resolution at reduced pressures. 
The low mass of the sensor makes it insensitive to acceleration 
forces and “catheter whip." The frequency response of the 
pressure sensor is flat within + 2 percent at 5 kilohertz and + 
5 percent at 10 kilohertz. Tests of the thermal stability in our 
laboratory showed that the output of the transducer did not 
vary more than 3 mm Hg in the range of 25 to 39? C. At a given 
temperature the sensor had a baseline drift of less than 1 mm 
Hg in 3 hours. The 0 baseline of the transducer was adjusted 
to atmospheric pressure at the beginning of each procedure 
and the level of 0 pressure was rechecked after withdrawal of 
the catheter to room air. Recordings of pressure and sound 
were obtained on a VR-6 photographic recorder (Electronics 
for Medicine, White Plains, New York) at speeds of 25 to 200 
mm/s. 'The frequency response of the recording system was 
flat to 700 hertz with a 3 decibel drop at 2,100 hertz. Pressure 
signals were filtered above 250 hertz and the sound was un- 
filtered. 

In all patients in whom an intracardiac murmur was 
measured, the murmur was considered a manifestation of the 
presence of disturbed or turbulent blood flow. The presence 
of disturbed or turbulent blood flow in both the aorta and 
pulmonary artery of patients and its relation to ejection 
murmurs and pressure fluctuations have previously been 
described.!5-?? 


Results 


Normal subjects: In normal subjects in whom in- 
tracardiac pressure and sound were measured within 
the aorta and left ventricle, small variations in the sys- 
tolic contour of the central aortic pressure were always 
associated with the presence of a low intensity systolic 
ejection murmur above the aortic valve. A minimal 
decrease in pressure and the manifestation of an ana- 
crotic shoulder were coincident with the onset of the 
ejection murmur and were most prominent during the 
phase of maximal intensity of the murmur (Fig. 1). 
Patients with coronary artery disease showed similar 
changes in the systolic contour of the central aortic 
pressure. When an ejection murmur was present in such 
patients, ventricular performance was not significantly 
compromised (ejection fraction greater than 55 percent) 
(Fig. 2). In one patient with bradycardia (rate 53 
beats/min), anacrotism was present and was associated 
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with a prominent systolic ejection murmur (Fig. 3). 
However, in patients who had no ejection murmur above 
the aortic valve, the aortic systolic pressure contour was 
well rounded with no evidence of anacrotism (Fig. 2). 
These patients had either coronary disease or cardio- 
myopathy, and their ejection fraction was less than 35 
percent. 

Aortic stenosis: In patients with congenital aortic 
stenosis or calcific aortic stenosis combined with aortic 
regurgitation of varying severity, the central aortic pulse 
was strikingly different from that observed in patients 
with a normal aortic valve. A concave contour was 
shown throughout ejection (Fig. 4). The changes in the 
contour of aortic systolic pressure in patients with aortic 
stenosis were not reflected in the contour of left ven- 
tricular systolic pressure (Fig. 4). The latter assumed 
a smooth convex systolic contour without evidence of 
interruption. Although mild in nature, an anacrotic 
contour of central aortic pressure was also observed in 
some patients with pure aortic insufficiency, and was 
coincident with the presence of a systolic ejection 
murmur (Fig. 5). 

Hypertrophic obstructive cardiomyopathy: Pa- 
tients with hypertrophic obstructive cardiomyopathy 
presented a different spectrum of findings in the con- 
tours of the aortic and left ventricular pressures. Distal 
to the intraventricular obstruction a significant re- 
duction in systolic left ventricular pressure was observed 
in all patients. This reduction was associated with the 
presence of a high amplitude ejection murmur in the 
outflow tract of the left ventricle (Fig. 6). Proximal to 
the obstruction toward the apex of the left ventricle a 
higher peak left ventricular pressure was observed; the 
systolic pressure contour was smooth in appearance and 
was associated with a low amplitude systolic murmur 
that presumably was transmitted from the outflow tract 
(Fig. 6). In all patients, a bisferious central aortic pres- 
sure was associated with an ejection murmur near the 
aortic valve (Fig. 6). The intensity of the murmur de- 
creased with increasing distance from the outflow tract 
obstruction, and the trough of the bisferious contour 
diminished (Fig. 6). In four of these patients in whom 


FIGURE 3. Aortic (AO) pressure and sound in a patient with coronary artery disease and sinus bradycardia (heart rate 53 beats/min). The left ventricular 
ejection fraction was 70 percent. A high intensity flow murmur, presumably related to a large stroke volume, was recorded coincidentally with a 


striking anacrotic shoulder on the aortic pressure tracing (arrow). 
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premature ventricular contractions were recorded, the 
augmented beat that followed the premature beat 
manifested a greater mid systolic reduction in left 
ventricular pressure distal to the intraventricular ob- 
struction than that observed during sinus rhythm (Fig. 
7). The augmented postextrasystolic beat was also as- 
sociated with a greater amplitude ejection murmur (Fig. 
T). 

Coarctation of aorta: In one patient with coarcta- 
tion of the aorta the aortic pressure contour distal to the 
coarctation showed a prominent mid systolic decrease 
in pressure. The systolic trough was associated with a 
significant systolic murmur (Fig. 8). Proximal to the 
coarctation, the aortic pressure contour was smooth and 
only a low intensity systolic murmur was detected at 
that site (Fig. 8). 

Right-sided measurements: In all patients with 
normal right ventricular hemodynamics, the systolic 
contour of the main pulmonary artery was smooth with 
no evidence of anacrotism. In these patients, intracar- 
diac sound measurements showed only a low intensity 
systolic ejection murmur (if any) in the pulmonary ar- 
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tery (Fig. 9, top). In patients with an atrial septal defect, 
a decrease in pressure was observed in the systolic 
pressure contour in the pulmonary artery. This decrease 
was associated with a systolic ejection murmur (Fig. 9, 
bottom). The decrease in pressure observed in the main 
pulmonary artery during systole was not reflected in the 
pressure contour of the right ventricle. 

Pressure decrease versus murmur: In the entire 
group of patients, the beginning of the systolic decrease 
in pressure coincided with the onset of the high ampli- 
tude component of the murmur. The duration of the 
decrease corresponded with the duration of the mur- 
mur, and the maximal decrease coincided with the high 
amplitude portion of the murmur. 


Discussion 


Association of turbulent flow with change in 
pressure contour: Observations made in this study 
indicate an association between the changes in the 
systolic contour of pressure and the presence of a sys- 
tolic murmur, the latter being indicative of blood flow 
disturbances or turbulence.!? Specifically, in the pres- 








FIGURE 4. Left ventricular (LV) and aortic (AO) 
sound and pressure tracings of three patients 
with aortic valve disease. The calculated valve 
areas, top to bottom, were 0.2, 0.4 and 1.4 
cm^?, respectively, assuming no aortic regur- 
gitation. Each patient had varying degrees of 
aortic regurgitation. The aortic pressure shows 
a concave contour during systole, and this is 
associated with a high intensity ejection mur- 
mur. However, left ventricular pressure in each 
patient shows a convex contour. The murmur 
recorded within the left ventricle during systole 
presumably resulted from transmission of the 
ejection murmur to the left ventricle. 
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patients with severe aortic regurgitation. The more 
prominent mid systolic reduction of pressure 
(arrow) was shown in the patient with the higher 
intensity murmur (top). 
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FIGURE 6. Left ventricular (LV) and aortic (AO) pressure and sound in a patient with hypertrophic obstructive cardiomyopathy. A peak systolic pressure 
gradient of 120 mm Hg was measured across the outflow tract obstruction. Pressure within the left ventricle proximal to the outflow tract obstruction 
is not bisferious. A low amplitude systolic murmur is recorded, and presumably resulted from transmission of the murmur distal to the obstruction. 
Just distal to the outflow tract obstruction, a high intensity ejection murmur is observed. Coincident with the murmur is a prominent mid systolic 
reduction of pressure. As the catheter was withdrawn through the outflow tract and across the aortic valve, the intensity of the ejection murmur 
diminished. Coincident with the reduction of the ejection murmur, the mid systolic decrease in pressure diminished. Distal to the aortic valve, the 


aortic pressure shows a bisferious configuration that is less prominent than the severe mid systolic reduction of pressure observed just distal to 
the obstruction. 
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FIGURE 7. Left ventricular (LV) pressure and sound in a patient with hypertrophic obstructive cardiomyopathy. Pressures were recorded in the 
outflow tract of the left ventricle. The peak gradient across the outflow tract obstruction at rest was 30 mm Hg. During ventricular premature con- 
tractions, wheh the stroke volume presumably is low, there is a negligible ejection murmur and the pressure shows no mid systolic decrease. During 
the postextrasystolic beat, a high intensity murmur is recorded, and a prominent double-peaked pressure is recorded within the outflow tract of 


the left ventricle (arrow). 


ence of turbulent blood flow (apparent from the mur- 
mur) there was a decrease in pressure in the course of 
ejection that resulted in double-peaked pressures. The 
consistent direct association of turbulent flow with the 
observed changes of the systolic pressure contour 
implies a cause and effect relation. A decrease in pres- 
sure in a turbulent region can result from increased ki- 
netic energy of the fluid due to turbulence.?? Because 
turbulent energy is conserved, the increased kinetic 
energy occurs at the expense of a reduction of pressure 
energy in the region of turbulence. Turbulence dimin- 
ishes as systolic flow is reduced. At tliis time pressure 


energy is restored and the pressure increases again. The 
relation of intensity of the turbulence to the intensity 
of the murmur and the resultant decrease in pressure 
is shown in Appendix 1. | 

The presence of any type of obstruction to flow can 
result in the breakdown of laminar flow into turbulence 
distal to the obstruction. Typical pathologic obstruc- 
tions include aortic stenosis, aortic coarctation and 
hypertrophic obstructive cardiomyopathy. Even normal 
semilunar valve leaflets have been shown to contribute 
to the development of turbulence. Hemodynamic 
factors also affect the intensity of turbulence. Among 
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FIGURE 8. Aortic (AO) pressure and sound recorded proximal (top) and distal (bottom) to a coarctation of the aorta. Proximal to the coarctation, 
only a low amplitude systolic murmur is recorded, and the configuration of aortic pressure shows no systolic reduction in pressure. Distal 
to the coarctation a high intensity murmur is recorded and a prominent mid systolic reduction of pressure is noted within the aorta. 
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the most prominent are blood velocity, viscosity and 
density. The number of erythrocytes as well as their 
deformability have also been shown to affect the in- 
tensity of turbulence.” 

Factors affecting systolic pressure contour and 
relation to turbulence: Several physiologic and he- 
modynamic factors have been suggested to interact in 
affecting the systolic contour of pressure in the ventri- 
cles and great vessels. These factors include charac- 
teristics of the aortic wall, particularly its distensibility 
as reflected by the modulus of elasticity of the wall, 
stroke volume, blood velocity, heart rate, the rate, pat- 
tern and duration of ventricular ejection, as well as pe- 
ripheral resistance and blood viscosity.?7-!9? Many of 
these factors, with exception of the peripheral resistance 
and ejection patterns, have a recognized effect on the 
intensity of turbulence. Blood velocity, vessel diameter, 
blood density and blood viscosity all relate to turbulence 
through the Reynolds number.?? Heart rate relates to 
turbulence through the unsteadiness variable, the a 
number.2” The rate and duration of ejection directly 
affect blood velocity, which in turn affects turbu- 
lence. 

Hemodynamic mechanisms of bisferious and 
anacrotic pulses in aortic stenosis: Although changes 
in the systolic contour of pressure are recognized to 
occur in conjunction with various cardiac disorders,!4 
the mechanism by which such changes are caused, and 
in particular the double-peaked bisferious and anacrotic 
pulses, is not known.? In 1928, Katz et al.28 attempted 
to provide a hemodynamic explanation of the anacrotic 
pulse observed in aortic stenosis. They suggested that 
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when a fluid stream was suddenly forced through a 
narrow opening into a larger tube, the stream became 
axial in the larger tube and tended to create a sudden 
sharp reduction in pressure in the marginal region. The 
pull of this reduced pressure reacts on the wall of the 
aorta and sets up the anacrotic vibration. They further 
suggested that the greater the velocity of the axial 
stream, the more marked will be the reduction in the 
marginal pressure and hence the larger will be the vi- 
bration. Dow! found that the anacrotic notch was 
present in the radial pulse in patients with aortic ste- 
nosis and believed that it was a peripheral manifestation 
of the sudden break of laminar flow to turbulence oc- 
curring centrally. Although Dow was aware of the 
presence of turbulent blood flow in the region of stenotic 
aortic valves, he did not elaborate on the role of turbu- 
lence in causing the anacrotism. 

In patients with aortic stenosis, during the straining 
period when the venous return is greatly reduced as a 
result of the increased intrathoracic pressure, the ana- 
crotic or double-summit pulse observed in the control 
pressure tracing may be replaced by a small smooth 
pulse with a single peak resembling a normal curve.? 
After the release of the strain, as the venous return is 
increased above normal, the double-summit gradually 
returns. If an overshoot in the blood pressure is obtained 
during this period, a double-summit pulse may be 
converted into the anacrotic pulse, or a preexisting 
anacrotic notch may assume a lower position than it did 
in the control tracing.? Thus it appears that as the stroke 
volume and pulse pressure become smaller, the ana- 
crotic notch climbs up the anacrotic limb until it grad- 





20 
PA 
PRESSURE 
(MM HG) 
0 
1 SEC = 
FIGURE 9. Pulmonary arterial (PA) 
pressure and sound in a patient with 
normal right ventricular hemody- 
namics (top) and a patient with an 
atrial septal defect (bottom). No 3000 
significant murmur is recorded PA SOUND 


within the pulmonary artery of the 
patient with normal hemodynamics, 
and there is no systolic reduction of 
pressure within the pulmonary ar- 
tery. In the patient with atrial septal 
defect (3:1 left to right shunt) a 
systolic ejection murmur is re- 
corded and a mid systolic reduction 
of pressure within the pulmonary 
artery occurs coincident with the 
murmur. 
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ually disappears. Conversely, when the stroke volume 
exceeds the control levels in the poststraining period, 
the anacrotic notch or double-summit gradually reap- 
pears and the notch descends on the anacrotic limb. 
Goldberg et al.? concluded that the stroke volume and 
pulse pressure are factors that relate to the location of 
the anacrotic notch. 

These observations are consistent with the proposed 
mechanism of anacrotism and double pulsations made 
in our study. For a given stenotic aortic valve, an in- 
crease in stroke volume would increase blood velocity 
and thereby increase the magnitude of turbulence. This 
would produce a prominent notch due to a transient 
reduction in pressure. In addition, with an increase in 
stroke volume, turbulence tends to start earlier during 
ejection, thus explaining the descent of the anacrotic 
notch along the anacrotic limb. A decrease in the stroke 
volume would have an opposite effect, in that the 
magnitude of turbulence would decrease and its onset 
would be delayed. 'T'he onset of turbulence is dependent 
on the value of the local critical Reynolds number. The 
latter is directly related to the local velocity, which in- 
creases during ejection. As the stroke volume is reduced, 
the critical Reynolds number for transition may not be 
reached until later during ejection. The opposite would 
be true if the stroke volume were increased. 

In patients with aortic stenosis, an anacrotic pressure 
plateau is described after the anacrotic interruption.! 
The slow upstroke was thought to result from the re- 
sistance to flow at the valve obstruction causing an in- 
terference with ejection. Although resistance to flow 
may be important in causing the slow upstroke, our 
records of central aortic pressure in patients with aortic 
stenosis indicate a concave contour of the aortic pres- 
sure that occurred between the anacrotic interruption 
and peak pressure. This is coincident with the high in- 
tensity intracardiac ejection murmur indicative of 
turbulence. 

Hemodynamic mechanisms in hypertrophic ob- 
structive cardiomyopathy: Some investigators!® have 
suggested a mechanism for the bisferious pulse contour 
in patients with hypertrophic obstructive cardiomy- 
opathy that differs from the mechanism that we pro- 
pose. They suggest that the first systolic peak is caused 
by early systolic emptying of the infundibulum when 
blood is ejected with high velocity. At this point the 
hypertrophic muscular portion intervenes promptly to 
block the ejection of blood and leaves a significant re- 
sidual amount of blood in the ventricle. The second peak 
in pressure is therefore produced by late contraction of 
the left ventricular outflow tract because this portion 
of the left ventricle is last to be depolarized. The pos- 
tulate that in patients with hypertrophic obstructive 
cardiomyopathy the second peak of the pressure pulse 
may be due to a second rapid ejection of blood!® has 


been contradicted.?? Investigators?? who have measured | 


aortic flow in such patients observed that the initial 
deceleration of flow was not followed by a secondary 
peak. Some investigators? believe that the second Sys- 
tolic wave is produced by continued but slower ven- 


tricular ejection in addition to reflected waves from the 
periphery. 

We observed in patients with hypertrophic obstruc- 
tive cardiomyopathy that during the postextrasystolic 
beat the reduction in pressure during systole is greater, 
and the intensity of the murmur is also greater than 
during regularly occurring beats. The increase in the 
intensity of the murmur indicates the presence of 
greater turbulence possibly caused by a greater degree 
of obstruction to forward flow. The increased turbulence 
causes the augmented mid systolic decrease in pres- 
sure. 

Changes in peripheral pulse: The changes that may 
take place in the contour of the peripheral pulse are 
beyond the scope of this investigation. However, in 
certain instances the peripheral contour of the pulse 
duplicates that of the central pulse. Dow! claimed that 
the violence of systolic discharge in aortic stenosis is so 
reduced by the stenosis itself that standing waves do not 
occur, and hence the peripheral pulse reproduces the 
central pulse form. 'The central double-peak contour of 
pressure in patients with hypertrophic obstructive 
cardiomyopathy may also have a direct effect on the 
peripheral pulse. 

Implications: In this study, we do not suggest that 
the general appearance of a normal pressure contour is 
related to disturbances of blood velocity. Rather, in the 
presence of cardiac disorders such as valve stenosis and 
regurgitation, subvalve obstructions and certain con- 
genital cardiac disorders, turbulent flow can cause sig- 
nificant alterations of the systolic contour of central 


pressure. We observed a consistent association of in- 


tracardiac murmurs indicative of turbulence with a 
transient reduction of the centrally recorded systolic 
pressures. Theoretical evidence suggests that turbulent 
blood flow can account for these variations of the sys- 
tolic contour of pressure within the ventricles and great 
vessels. 


APPENDIX 1 


In regard to applying equations to the cardiovas- 
cular system that describe the characteristics of tur- 
bulence, pulsatile flow can be considered quasisteady 
if the frequency of pulsation (heart rate) is lower than 
the frequency of the fluctuations of velocity due to 
turbulence. Because this condition is satisfied,!? equa- 
tions derived on the basis of steady flow can be applied. 
The following equation shows the relation of pressure 
to the fluctuations of velocity that are indicative of 
turbulence.?? 


Po -P= pu?, (1) 


where Po = pressure outside the turbulent zone 
(dynes/cm?), P = pressure within the turbulent zone 
(dynes/cm?), p = density of blood (g/cm?) and u = 
fluctuating velocity in the direction of flow (cm/s). 
The high frequency fluctuations in pressure repre- 
sented by the intracardiac murmur are those that ac- 
company fluctuations of velocity within a turbulent 
zone.?? The relation of the intensity of the fluctuations 
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in pressure to those in velocity was shown by Hinze?? for 
isotropic turbulence to be: 

pu? = p? , (2) 
where p = turbulent fluctuations of static pressure 
(dynes/cm?). 

The three dimensional nature of turbulence is such 
that the fluctuations in velocity in one direction are 
usually of the same order of magnitude as those in any 
other direction.23 Therefore, the assumption of isotropic 
turbulence may be justified because the difference be- 
tween results based on assumed isotropy and the actual 
results are often sufficiently small to be negligible in a 
first approximation.?? The term u? is the square of the 
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turbulence intensity.2? This term, as shown in Equation 
1, relates to the kinetic energy (pu?). The root-mean- 
square value of the pressure fluctuations (4/ p?) repre- 
sents the intensity of the turbulent fluctuations in 
pressure and is recorded as an intracardiac murmur. 
Therefore, one can relate the decrease in pressure (AP) 
in the turbulent region to pressure fluctuations of the 
murmurs as 


AP = Po- P = Vp? (3) 


Numerical calculations using this equation from data 
obtained in several patients revealed that the calculated 
decrease in pressure was comparable (within 20 percent) 
with the measured values. 
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Sixty-five patients with dual pathway atrioventricular (A-V) nodal reentrant 
paroxysmal tachycardia were studied. Of these 65 patients, 11 (17 per- 
cent) had a short P-R interval (0.12 second or less) and 3 (5 percent) had 
a short A-H interval (53 ms or less) during sinus rhythm, suggesting the 
Lown-Ganong-Levine syndrome. Frequency distribution analyses of P-R 
and A-H intervals in the 65 patients demonstrated continuous unimodal 
functions, suggesting a continuum of A-V nodal properties. Regression 
analyses of P-R and A-H (fast pathway) intervals versus cycle length of 
paroxysmal tachycardia revealed an r value of 0.11 and 0.10, respectively 
(not significant). The cycle length of paroxysmal tachycardia did not differ 
between the 11 patients with a short P-R interval (370 + 20 ms) and the 
54 patients without a short P-R interval (382 + 11 ms). Regression 
analysis of the slow pathway A-H interval versus cycle length of parox- 
ysmal tachycardia revealed an r value of 0.68 (p <0.001). 

The cycle length of dual pathway A-V nodal reentrant paroxysmal 
tachycardia is a function of the slow pathway A-H interval and not the P-R 
or A-H interval during sinus rhythm. Identification of short P-R intervals 
in patients with A-V nodal reentrant paroxysmal tachycardia has little 
significance. 


Atrioventricular (A-V) nodal reentrance is the most common mech- 
anism of paroxysmal supraventricular tachycardia in human beings. 
In patients with A-V nodal reentrant paroxysmal tachycardia, atrial 
extrastimulus testing usually demonstrates discontinuous ÀA,—A», H,-H» 
conduction curves, suggesting the presence of dual pathways (fast and 
slow).^^? Some patients with discontinuous curves and recurrent par- 
oxysmal tachycardia have a short P-R interval during sinus rhythm,-? 
suggesting the possibility of partial or complete bypass of the A-V node 
by way of atrionodal or atriofascicular tracts.?-1! These patients may 
be designated as having the Lown-Ganong-Levine syndrome.!? Benditt 
et al.? compared the cycle length of A-V nodal reentrant paroxysmal 
tachycardia in 4 patients with a short P-R interval and in 11 patients with 
a normal P-R interval, and noted that the patients with a short P-R in- 
terval had a faster rate of tachycardia. These observations suggested that 
patients with a short P-R interval might constitute a distinct subgroup 
of patients with A-V nodal reentrance. 

In this study, we examined a large series of patients with dual pathway 
A-V nodal reentrant paroxysmal tachycardia. We address several 
questions: (1) In a large group of patients with A-V nodal reentrant 
paroxysmal tachycardia, are P-R (and A-H) intervals during sinus 
rhythm unimodally or bimodally distributed? (2) Is the cycle length of 
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A-V nodal reentrant paroxysmal tachycardia a function 
of the P-R (or A-H) interval during sinus rhythm? (3) 
Is the cycle length of A-V nodal reentrant paroxysmal 
tachycardia a function of slow pathway conduction 
time? (4) Is there a relation between fast and slow 
pathway conduction times in patients with A-V nodal 
reentrant paroxysmal tachycardia? Our results are 
germane to use of the eponym *Lown-Ganong-Levine 
syndrome." 


Methods 


Patient selection: The criteria for inclusion in the present 
study were (1) a history of electrocardiographically docu- 
mented recurrent paroxysmal supraventricular tachycardia; 
(2) availability of multiple electrocardiograms during normal 
sinus rhythm; (3) absence of delta waves and wide QRS 
complexes in all available electrocardiograms; and (4) dem- 
onstration of dual pathway A-V nodal reentrance as the 
mechanism of the recurrent tachycardia (see later).  . 

Sixty-five patients studied between September 1972 and 
May 1979 fulfilled these criteria. The group consisted of 33 
men and 32 women, between the ages of 20 and 81 years (mean 


+ standard deviation 53 + 16). Thirty (46 percent) of these. 


patients had clinically diagnosed organic heart disease, 
whereas 35 (54 percent) did not. 

Electrophysiologic studies: These studies were performed 
with patients in the postabsorptive, nonsedated state, after 
cardioactive drugs had been discontinued for at least 48 hours. 
Informed written consent was obtained from all patients. A 
quadripolar electrode catheter was percutaneously passed into 
a femoral vein and advanced across the tricuspid valve for a 
His bundle recording.!? A second quadripolar catheter was 
advanced from an antecubital vein into the coronary sinus for 
recording left atrial activation during induced tachycardia. 
A hexapolar catheter was advanced to the right ventricular 
apex from an antecubital vein. The distal two electrodes were 
utilized for ventricular pacing, the middle two electrodes for 
recording right atrial electrograms, and the proximal two 
electrodes for right atrial pacing. Surface electrocardiographic 
leads I, II, III and V; as well as intracardiac electrograms were 
recorded simultaneously on a multichannel oscilloscopic re- 
corder (Electronics for Medicine DR-16) at paper speeds of 
100 and 200 mm/s. Pacing stimuli were provided by a pro- 
grammable digital stimulator (manufactured by M. Bloom, 
Narberth, Pennsylvania) with a strength of approximately 
twice diastolic threshold and a duration of 2 ms. 

Electrophysiologic studies included at least the following: 
(1) recording of conduction intervals (during regular sinus 
rhythm) at a paper speed of 200 mm/s; (2) incremental atrial 
pacing; (3) atrial extrastimulus testing during sinus rhythm, 
and at one or more shorter (paced) atrial cycle lengths; and 
(4) mapping of the retrograde atrial activation sequence 
during induced paroxysmal supraventricular tachycardia from 
multiple sites including at least low septal right atrium, cor- 
onary sinus (proximal, middle and distal) and lateral right 
atrium. In addition, the following were usually, but not in- 
variably, performed: (5) incremental ventricular pacing; (6) 
ventricular extrastimulus testing at a ventricular paced cycle 
length; and (7) atrial and ventricular extrastimulus testing 
during induced tachycardia. 

Definitions: The P-R interval was measured from a stan- 
dard electrocardiogram (paper speed 25 mm/s) taken during 
regular sinus rhythm after cardioactive drugs had been dis- 
continued for at least 48 hours. This interval was defined as 
the longest P-R interval in leads I, II and III, measured to the 
nearest 0.02 second. The value for the A-H interval (fast 
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pathway) was the mean of 10 consecutive A-H intervals during 
sinus rhythm, recorded at a paper speed of 200 mm/s and 
measured to the nearest 5 ms.!4 

Anterograde dual A-V nodal pathways were diagnosed 
when discontinuous A;—Av, H,-H» conduction curves were 


demonstrated by atrial extrastimulus testing at one or more | 
atrial cycle lengths.^!5-185 The slow pathway A-H interval was - 


Ll 





arbitrarily defined for purposes of analysis as the Ay—H» in- - 


terval just to the left of the discontinuity in A;—As, H1-H;5 
conduction curves (fast pathway effective refractory period). 
When discontinuous curves were observed at more than one 
basic cycle length, this measurement was made at the cycle 
length closest to 600 ms. 


es ae ae 


All patients included in this study met each of the fol- | 


lowing criteria for diagnosis of dual pathway A-V nodal 
reentrant paroxysmal tachycardia?: (1) induction of tachy- 
cardia related to achievement of a critical A-H delay with both 


— 


incremental atrial pacing and atrial extrastimulus testing!9; | 


(2) demonstration of anterograde dual A-V nodal pathways 
with induction of tachycardia relating to anterograde block 


— 


in the fast pathway*19-15; (3) atrial activation occurring before — 


or simultaneously with the onset of ventricular activation 
during tachycardia”°; and (4) normal retrograde atrial acti- 
vation sequences during tachycardia.?! The cycle length of 


paroxysmal supraventricular tachycardia was defined as the © 


stable cycle length of induced A-V nodal reentrant tachycardia 
measured to the nearest 5 ms. 

Statistical analyses: Frequency distribution histograms 
of P-R and A-H intervals were constructed and analyzed. 
Regression analyses and t tests for unpaired data were per- 
formed by computer, utilizing standard statistical methods. 


Results 


P-R and A-H intervals: The P-R intervals of the 65 _ 


patients studied ranged from 0.10 to 0.24 second (mean 
+ standard deviation 0.158 + 0.032). Eleven (17 per- 
cent) of the 65 patients had a short P-R interval mea- 
suring 0.12 second or less.!? A-H intervals during sinus 
rhythm (fast pathway A-H intervals) ranged from 50 to 


197 ms (87 + 29). Three (5 percent) of the 65 patients - 
had a short A-H interval measuring 53 ms or less.!^ Slow | 


pathway A-H intervals (see Methods) for the 65 patients 
ranged from 170 to 710 ms (299 + 111). The cycle 
lengths of induced A-V nodal reentrant paroxysmal 
tachycardia ranged from 260 to 630 ms (380 + 79). 
The frequency distribution of P-R intervals was a 
continuous, unimodal function with a rightward skew 


(Fig. 1). Similarly, the frequency distribution of A-H - 
intervals during sinus rhythm (fast pathway A-H in- | 


tervals) was a continuous, unimodal function with a 
rightward skew (Fig. 2). As expected, regression analysis - 


of the P-R interval versus the A-H interval yielded an 


r value of 0.76, which was statistically highly significant - 


(p «0.001). 

Regression analysis of the P-R interval versus the 
cycle length of induced A-V nodal reentrant paroxysmal 
tachycardia yielded an r value of 0.11, which was not 
statistically significant (Fig. 3A). Similarly, regression 
analysis of the A-H interval versus the cycle length of 
tachycardia yielded an r value of 0.10, which was not 
statistically significant (Fig. 3B). 

Cycle length of tachycardia: The cycle length of 
A-V nodal reentrant paroxysmal tachycardia in the 11 
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FIGURE 1. Frequency distribution histogram of P-R intervals (in seconds) 
during sinus rhythm in 65 patients. P-R intervals are on the horizontal 
axis and the number of patients with each P-R interval is on the vertical 
axis. The frequency distribution of P-R intervals was a continuous 
unimodal function with a rightward skew. 


patients with a short P-R interval ranged from 330 to 
545 ms (mean + standard error of the mean 370 + 20). 
In the 54 patients with a normal or long P-R interval 
this cycle length ranged from 260 to 630 ms (mean 382 
+ 11) (not significant). In the three patients with a short 
A-H interval it ranged from 290 to 330 ms (mean 310 + 
12); and in the 62 patients with a normal or long A-H 
interval it ranged from 260 to 630 ms (mean 383 + 10) 
(NS = not significant). 

Regression analysiyof the slow pathway A-H inter- 
val versus the cycle length of A-V nodal reentrant 
paroxysmal tachycardia yielded an r value of 0.68, which 
was statistically highly significant (p «0.001) (Fig. 4). 
Regression analysis of the fast pathway A-H interval 
versus the slow pathway A-H interval yielded an r value 
of 0.21, which was not statistically significant (Fig. 5). 


Discussion 


Wolff-Parkinson-White versus Lown-Ganong- 
Levine syndrome: There is some similarity between 
the Wolff-Parkinson-White syndrome (short P-R in- 


Number of Patients 





IBO 200 


140 


50 60 70 8090 IỌỌ 120. leo 


A-H Interval 
FIGURE 2. Frequency distribution histogram of (fast pathway) A-H in- 
tervals (in milliseconds) during sinus rhythm in 65 patients. Classes of 
A-H intervals are on the horizontal axis, and the number of patients in 
each class of A-H intervals is on the vertical axis. The frequency dis- 
tribution of A-H intervals was a continuous unimodal function with a 
rightward skew. 


terval, wide QRS complex with delta waves and recur- 
rent paroxysmal supraventricular arrhythmia) and the 
Lown-Ganong-Levine syndrome (short P-R interval, 
narrow QRS complex and recurrent paroxysmal su- 
praventricular arrhythmia).!??? The diagnosis of 
Wolff-Parkinson-White syndrome has specific patho- 
physiologic and clinical significance. The short P-R 
interval and delta wave reflect conduction over an 
anomalous A-V pathway.?? Paroxysmal supraventric- 
ular tachycardia in these patients usually reflects the 
occurrence of A-V reentrance, utilizing the A-V node 
and His bundle for anterograde conduction and the 
anomalous pathway for retrograde conduction.?9.2? 
Furthermore, the occurrence of paroxysmal atrial fi- 
brillation in these patients may result in very rapid 
ventricular rates, if anomalous pathway refractoriness 
is short.?4 

In contrast, what is the significance of a diagnosis 
of Lown-Ganong-Levine syndrome? It has been sug- 
gested that the short P-R interval reflects partial or 
complete bypass of the A-V node.???5 Recent electro- 
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9 oxysmal tachycardia (PSVT CL) 
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° yielded an r value of 0.11, which is 
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significant (N.S.). 
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physiologic studies, demonstrating abbreviated A-H 
intervals in patients with the Lown-Ganong-Levine 
syndrome, have supported this hypothesis.?9-?? The 
anatomic substrate of the A-V nodal bypass could be 
atrionodal or atriofascicular tracts, described mor- 
phologically by James? and Brechenmacher and his 
colleagues.!9:1! These bypass tracts might serve as an- 
terograde or retrograde limbs of a reentrant pathway.?? 
Alternatively, a short P-R (or A-H) interval in a patient 
with paroxysmal supraventricular arrhythmia could 
reflect one end of a continuous spectrum of A-V nodal 
properties. | 

Paroxysmal supraventricular tachycardia is the 
most common tachycardia seen in the Lown-Ganong- 
Levine syndrome.!? Denes et al. demonstrated dis- 
continuous conduction curves and A-V nodal reentrant 
paroxysmal tachycardia in a patient with Lown- 
Ganong-Levine syndrome. More recently, Josephson 
and Kastor’ studied six patients with a short P-R in- 
terval and paroxysmal supraventricular tachycardia and 
found A-V nodal reentrance to be the mechanism of 
tachycardia in all patients. Benditt et al.? subsequently 
reported that 4 patients with a short P-R interval and 
A-V nodal reentrance had a faster rate of tachycardia 
than 11 patients with a normal P-R interval and A-V 
nodal reentrance. This suggested that patients with a 
short P-R interval and A-V nodal reentrant paroxysmal 
tachycardia might constitute a special group, giving 
significance to the eponym *Lown-Ganong-Levine 
syndrome." 

Continuum of fast-pathway conduction times in 
A-V nodal reentrant tachycardia: To determine 
whether patients with short P-R interval and A-V nodal 
reentrant paroxysmal tachycardia constitute a group 
with a unique pathophysiology, we examined a large 
series of patients with this mechanism of paroxysmal 
tachycardia. If frequency distribution analyses of P-R 
(and A-H) intervals had demonstrated discontinuous 
or bimodal functions, it would have suggested the 
presence of two groups of patients with A-V nodal 
reentrance, that is, one with short P-R (and A-H) in- 
tervals possibly reflecting A-V nodal bypass, and an- 
other with longer P-R (and A-H) intervals reflecting 
normal intranodal conduction. However, the continuous 
unimodal distributions demonstrated in this study 
suggest that there is a continuum of fast pathway con- 
duction times and imply that there is only one group of 
‘patients with A-V nodal reentrant paroxysmal tachy- 
cardia. 

The continuum of fast pathway conduction times, 
suggested by this study, is most consistent with either 
of two hypotheses: All fast pathways (including those 
with conduction times inconsistent with the Lown- 
Ganong-Levine syndrome) reflect conduction over A-V 
nodal bypass tracts, or intranodal conduction.?? This 
study does not allow discrimination between these al- 
ternative hypotheses. However, several previous reports 
have demonstrated that the anterograde fast pathway 


has A-V nodal properties. These include: (1) prolon- 


gation of conduction time with increasing rates of atrial 
pacing’; (2) increase in refractoriness with decreasing 
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FIGURE 4. Relation between the slow pathway A-H interval (horizontal 








axis) and the cycle length of A-V nodal reentrant paroxysmal tachy- — 


cardia (PSVT CL) (vertical axis). Regression analysis yielded an r value 
of 0.68, which is statistically highly significant (p «0.00 1). 


atrial paced cycle lengths?:173!; (3) increase in refrac- 
toriness after administration of propranolol or oua- 
bain457; and (4) decrease in refractoriness after ad- 
ministration of atropine.?.?? 

Benditt et al.9 reported that A-V nodal reentrant 
paroxysmal tachycardia is faster in patients with a short 
P-R interval than in patients with a normal P-R inter- 
val. This observation was surprising in that the reen- 
trant pathway in this variety of tachycardia is believed 
to consist primarily of the anterograde slow A-V nodal 
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FIGURE 5. Relation between the (fast pathway) A-H interval during sinus 
rhythm (horizontal axis) and the (slow pathway) A-H interval (vertical 
axis). Regression analysis yielded an r value of 0.21, which is not sta- 
tistically significant (N.S.). 
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pathway and the retrograde fast A-V nodal path- 
way.24167,323 The cycle length of tachycardia is 
therefore the sum of conduction times in these two 
limbs. Because A-V nodal reentrant paroxysmal 
tachycardia is characterized by a relatively long A-H 
interval and a relatively short H-A interval,?4 we would 
hypothesize that the cycle length of A-V nodal reentrant 
| paroxysmal tachycardia should reflect primarily the 
slow and not the fast pathway A-H interval. However, 
the fast pathway A-H interval could correlate with the 
cycle length of tachycardia, if the former correlated with 
the slow pathway A-H interval. 

These hypotheses were tested in this study. Re- 
gression analysis showed no significant correlation be- 
tween the P-R (or A-H) interval during sinus rhythm 
and the cycle length of A-V nodal reentrant paroxysmal 
tachycardia. When the results were looked at in a dif- 
ferent way, patients with a short P-R interval (Lown- 
Ganong-Levine syndrome) did not have a faster 
tachycardia rate than patients with a normal or long 
P-R interval. Similarly, a small subgroup of patients 
(three) with a short A-H interval did not have a signif- 
icantly faster rate of tachycardia than patients with a 
normal or long A-H interval. In contrast to the lack of 
correlation between P-R (or A-H) interval and tachy- 
cardia cycle length, regression analysis demonstrated 
a strong correlation between slow pathway A-H interval 
and cycle length of A-V nodal reentrant paroxysmal 
tachycardia. Additional regression analyses suggested 
that the P-R (and A-H) interval during sinus rhythm 
did not correlate with the cycle length of tachycardia 


because they did not correlate with the slow pathway . 


A-H interval. 

Clinical implications: Our study is relevant to the 
"Lown-Ganong-Levine syndrome.” Lown et al.!2 found 
that patients with a short P-R interval (and a normal 
QRS complex) had a greater incidence of paroxysmal 
supraventricular arrhythmia than patients with a nor- 
mal P-R interval.!? The most common mechanism of 
paroxysmal supraventricular tachycardia in patients 
with a short P-R interval, as in the general population, 
is A-V nodal reentrance.^? Our study suggests that 
patients with A-V nodal reentrance have a continuum 
of P-R (and A-H) intervals during sinus rhythm, 
implying that a diagnosis of Lown-Ganong-Levine 
syndrome in these patients may be arbitrary and arti- 


ficial. Furthermore, the cycle length of A-V nodal 
reentrant paroxysmal tachycardia does not correlate 
with the P-R interval during sinus rhythm. 

However, a short P-R interval may have some sig- 
nificance in patients with a paroxysmal supraventricular 
arrhythmia other than A-V nodal reentrance. Benditt 
et al.? reported that atrioventricular reentrant tachy- 
cardia, utilizing a concealed anomalous pathway for 
retrograde conduction, was faster in patients with a 
short P-R interval than in patients with a normal P-R 
interval. This finding is expected because most patients 
with this type of reentrance do not have discontinuous 
A-V nodal conduction curves.23 Therefore, in these 
patients, the P-R interval during sinus rhythm reflects 
conduction time over the same pathway (A-V node) that 
is the anterograde limb of the reentrant pathway during 
paroxysmal tachycardia. 

Benditt et al.8 also reported that ventricular rates 
during atrial fibrillation were faster in patients with a 
short than in patients with a normal P-R interval. This 
finding could also be expected because A-V nodal re- 
fractoriness tends to be a function of A-V nodal con- 
duction time.?? In both of these situations (atrioven- 
tricular reentrance in patients with concealed anoma- 
lous pathways, and atrial fibrillation), one would expect 
the correlation between the P-R interval and the heart 
rate during tachycardia to hold over the entire spectrum 
of P-R intervals. Therefore, even in these situations, the 
short P-R interval probably does not designate the 
presence of a distinct subgroup of patients, but rather 
one end of a continuous spectrum of A-V nodal con- 
duction times. 

One final question is of interest: Do patients with a 
short P-R interval (and narrow QRS complex) have an 
increased incidence of paroxysmal supraventricular 
arrhythmia? Our study, limited to patients with A-V 
nodal reentrant paroxysmal tachycardia, does not allow 
us to address this question directly. However, the 17 
percent incidence rate of a short P-R interval found in 
the present series of patients is probably higher than 
that expected in the general population.?6 This might 
imply that patients with a short P-R interval have a 
larger incidence of A-V nodal reentrant paroxysmal 
tachycardia than patients with a normal P-R interval. 
If this is true, the pathophysiologic mechanism for this 
association is not clear. 
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Left ventricular function during brief (10 minutes) and prolonged (2 hours) 
upright bicycle exercise was studied in nine young men. Left ventricular 
ejection fraction and volumes and cardiac output were measured by ra- 
dionuclide angiocardiography at rest, during submaximal effort at 10 
minutes of the prolonged exercise period and during maximal effort at the 
conclusion of both exercise periods. 

The cardiac output increased from 6.2 + 1.6 at rest to 17.4 + 2.9 li- 
ters/min during submaximal effort at 10 minutes as a result of a 93 percent 
increase in heart rate (70 + 13 to 135 + 12 beats/min, p <0.001) and a 
45 percent increase in stroke volume (89 + 13 to 129 + 19 ml, p « 0.001). 
Both an increased ejection fraction (63 + 6 versus 79 + 6 percent, p 
<0.001) and a larger end-diastolic volume (144 + 24 versus 164 + 23 
ml, p <0.005) contributed to the increase in stroke volume. The subjects 
achieved the same heart rate of 180 beats/min during maximal effort at 
the conclusion of both exercise periods. However, cardiac output was 
15 percent greater during the brief exercise period than during the pro- 
longed exercise period (26.9 + 3.1 versus 23.4 + 3.7 liters/min, p « 0.001) 
primarily due to a larger end-diastolic volume (179 + 22 versus 162 + 
24 ml, p <0.01), although the ejection fraction was also slightly increased 
(84 + 5 versus 81 + 5 percent, p <0.05). All subjects experienced a 
significant weight loss and an increase in hematocrit during the prolonged 
exercise period. These findings suggest that fluid loss during prolonged 
exercise limited maximal cardiac performance. The results of this study 
indicate that the Starling mechanism is operative during upright exercise 
in man. 


'The response of the left ventricle to vigorous exercise has been the 
subject of intensive study for more than 50 years. Most investigators! 
agree that cardiac output increases during upright exercise as a result 
of a large increase in heart rate and a moderate increase in stroke volume. 
'The physiologic mechanisms responsible for this increase in stroke 
volume remain controversial, primarily because there has been no 
method to evaluate changes in ventricular volumes during upright ex- 
ercise in man. Àn increase in either ejection fraction or end-diastolic 
volume, or both, could contribute to the increase in stroke volume. With 
the recent development of radionuclide angiocardiography, a simple 
noninvasive method is now available for assessing left ventricular 
function during upright exercise. Measurements of left ventricular 
ejection fraction, end-diastolic volume, stroke volume and cardiac output 
obtained with this first pass radionuclide technique are both accurate 
and reproducible.9-19 

In this study, radionuclide angiocardiography was used to determine 
the relative contributions of ejection fraction and end-diastolic volume 
to the increase in stroke volume during upright exercise in normal 
subjects. Because the extent of left ventricular responses may vary de- 
pending on the severity and duration of the exercise, measurements were 


1154 June 1980 The American Journal of CARDIOLOGY Volume 45 


acquired during submaximal and maximal effort over 
brief and prolonged exercise periods. 


Methods 


Subjects: Nine well conditioned male volunteers aged 20 
to 32 were evaluated. All had a normal cardiovascular history, 
physical examination and 12 lead electrocardiogram at rest. 
Each subject first underwent a 20 minute multistage stress 
test on an isokinetic bicycle ergometer (Fitron®) to determine 
his maximal heart rate and work load. A period of several days 
was interposed between the initial evaluation and the subse- 
quent radionuclide studies. ( 

Study design: Each subject was studied during brief and 
prolonged exercise periods (Fig. 1). Exercise was performed 
on an isokinetic bicycle ergometer in the upright position. The 
electrocardiogram was continuously monitored by telemetry 
using a single bipolar CM; lead, and blood pressure was re- 
corded by a sphygmomanometer. 

During the prolonged exercise period, the subjects exer- 
cised for a total of 120 minutes. The work load was set at 60 
to 70 percent of the maximum achieved during the prelimi- 
nary stress test for the initial 110 minutes and then gradually 
increased over the final 10 minutes to the maximum tolerated. 
Radionuclide angiocardiograms were performed at rest, 
during submaximal exercise at 10 and 60 minutes and during 
maximal exercise at 120 minutes. Weight and capillary he- 
matocrit were determined in each subject before and after 
exercise; no fluid replacement was provided during the study. 
The ambient temperature of the room was maintained at 
68°F. During the brief exercise period 1 week later, each 
subject exercised for 10 minutes. A single radionuclide an- 
giocardiogram was obtained during maximal effort at the 
conclusion of the study. 

The study design permitted assessment of left ventricular 
function during (1) brief submaximal and maximal exercise, 
(2) prolonged submaximal exercise, and (3) maximal effort 
after prolonged submaximal exercise. We sought to answer 
the following questions: (1) To what extent do increases in 
ejection fraction and in end-diastolic volume augment stroke 
volume during upright exercise in human beings and (2) do 
the relative contributions of these two mechanisms vary with 
the severity and duration of exercise? 

Radionuclide procedure: A 20-gauge polyethylene cath- 
eter was inserted into either an antecubital or external jugular 
vein. Seven millicuries of technetium-99m pertechnetate was 
injected intravenously and flushed with 10 ml of normal saline 
solution. Anterior precordial counts were recorded in binary 
form at 50 ms intervals for 1 minute using a multicrystal 


gamma camera (Baird System Seventy-Seven®) equipped 


with a 1 inch (2.5 cm) parallel hole collimator. Background 
counts were collected over the precordium before each addi- 
tional injection. The subject's chest was stabilized against the 
collimator to prevent excessive motion during the exercise 
injections. In this investigation, each subject had four injec- 
tions for a total of 28 mCi of technetium-99m pertechnetate 
during the prolonged exercise period and a single bolus in- 
jection of 7 mCi during the brief exercise period. 

Data processing: The radionuclide angiocardiograms were 
analyzed as previously described.9/7.!1-1? Briefly, each study 
was corrected initially for field nonuniformity and dead time. 
In addition, the second, third and fourth studies acquired 
during the prolonged exercise period were corrected for 
preexisting background counts in each crystal. A high fre- 
quency time-activity curve was obtained from the left ven- 
tricular region of interest, and individual ventricular beats 
were identified. After background activity was subtracted, a 
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representative or average cardiac cycle was derived by 
summing counts from four to six of these beats. Left ventric- 
ular wall motion was assessed by inspecting both dynamic and 
static images of the representative cardiac cycle (Fig. 2). 

The left ventricular ejection fraction (EF) was determined 
from the representative cardiac cycle: EF = ED counts — ES 
counts/ED counts, where ED and ES represent end-diastole 
and end-systole, respectively. The left ventricular end-dia- 
stolic volume (EDV) was calculated in milliliters by the 
length-area method of Dodge et al.!4: EDV = 0.85 A?/L, where 
A is the area of the left ventricle determined with planimetry, 
and L is the maximal length. Time-activity curves were gen- 
erated over the pulmonary artery and left atrium, and the 
pulmonary transit time (PTT) in seconds was defined as PTT 
= left atriumyrr — pulmonary arterymrr, where MTT rep- 
resents the mean transit time of the curves from each 
chamber. 

Hemodynamic measurements of stroke volume (SV), car- 
diac output (CO) and pulmonary blood volume (PBV) were 


2400 Prolonged Brief 
1800 
Work 


Load 
kpm/min 1200 


600 


180 
HR 140 
b/min 
100 
60 
^ VERAS ETSI a TPE LJ 
0 40 80 120 0 10 
120 
100 
Mean BP 
mmHg 
80 
60 
7 nip PRA SERAIS ee NL 
0 


LJ 
40 80 120 0 10 
min 


FIGURE 1. Heart rate (HR) and blood pressure (BP) in relation to work 


load during brief and prolonged exercise. The gradual increase in heart 
rate was associated with a decrease in mean blood pressure during 
prolonged exercise. The work load was higher during maximal effort 
at the conclusion of the brief than at the conclusion of the prolonged 
exercise period. b — beats. 
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derived from the measured ejection fraction, end-diastolic 
volume and pulmonary transit time by the following equa- 
tions: 

SV (ml) = EDV (ml) X EF 

CO (liters/min) = SV (ml) X HR (beats/min) 

PBV (ml) = CO (ml/s) X PTT (s) 

The hemodynamic data in this study were compared using 
Student's t test for paired measurements; a probability (p) 
value of «0.05 was considered to reflect significant change. 

Critique of methods: First pass radionuclide angiocardi- 
ography is a well established technique for measuring left 
ventricular ejection fraction. It is based on count changes from 
end-diastole to end-systole in the left ventricular region of 
interest and therefore is free from geometric constraints in- 
herent in volume analysis. The radionuclide method of de- 
termining end-diastolic volume assumes that the left ventricle 
approximates a solid of revolution and, consequently, has the 
same limitations inherent in single plane volume analysis 
using cineangiography. In 33 patients evaluated for coronary 
artery or valvular heart disease, radionuclide angiocardio- 
grams with the patient in the supine position were performed 
immediately before cardiac catheterization. The radionuclide 
measurements of ejection fraction and end-diastolic volume 
were compared with those determined with biplane contrast 
cineangiography, and the correlation coefficient was 0.89 for 
both sets of measurements. Segmental wall motion abnor- 
malities may result in inaccurate single plane volume calcu- 
lations at end-systole but do not significantly distort the left 
ventricle at end-diastole.!° Because end-systolic volume is 
determined with the radionuclide technique by multiplying 
the ejection fraction by the end-diastolic volume, this po- 
tential limitation is avoided. | 

There is currently no method of validating end-diastolic 
volume measurements in the upright position. Nevertheless, 
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a close correlation was observed between duplicate determi- 
nations of stoke volume (r = 0.89) measured simultaneously 
by radionuclide and dye-dilution methods in 18 healthy young 
adults at rest and during various levels of exercise.® Further- 
more, a comparison of cardiac output in 18 college athletes 
using the dye-dilution principle and the volumetric approach 
produced a correlation coefficient between the two methods 
of 0.71 at rest and 0.94 during maximal exercise.!9 These ob- 
servations suggest that the radionuclide technique for de- 
termining volumes is valid during upright exercise. 

The mean variability (+1 standard deviation) in ejection 
fraction was 4.0 + 3.8 percent at rest and 3.2 + 2.5 percent 
during exercise in 10 normal subjects studied 2 days apart. In 
the same study, the mean variability in end-diastolic volume 
was less then 10 ml both at rest and during exercise.!? 


Results 


All subjects completed both exercise periods without 
clinical or electrocardiographic evidence of myocardial 
ischemia. Hemodynamic changes during the various 
stages of exercise are summarized in Figure 3 and Table 
I. Individual measurements of stroke volume, end- 
diastolic volume and ejection fraction are listed in Table 
II. 

Brief submaximal and maximal exercise: The 
mean cardiac output (+1 standard deviation) increased 
from 6.2 + 1.5 at rest to 17.4 + 2.9 liters/min during 
submaximal exercise at 10 minutes because of a 93 
percent increase in heart rate (70 + 13 to 135 + 12 
beats/min) and a 45 percent increase in stroke volume 
(89 + 13 to 129 + 19 ml). This increase in stroke volume 
was the result of a 14 percent increase in end-diastolic 
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FIGURE 2. Subject 5. Composite images of the left ventricle at rest and during brief maximal exercise. The computer-generated end-diastolic perimeter 
and aortic valve plane are superimposed on the end-systolic image. Note the large increase in heart rate (HR), ejection fraction (EF), end-diastolic 


volume (EDV) and cardiac output (CO) during exercise. 
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Mean Hemodynamic Measurements at Rest and During Brief and Prolonged Exercise 


Prolonged Exercise Brief Exercise 


Submaximal Maximal Maximal 
60 120 10 

144 + 12 180 + 10 180 +9 
98 7 96 +9 112 + 10 
133 + 15 130 + 19 150 + 19 

838 = 5 81+5 84 05 
160 + 17 162 + 24 179 + 22 
19.1+2.7 23.4 + 3.7 26.9 + 3.1 


Rest . Submaximal 

Time (min) 0 10 

HR (beats/min) 70+ 13 135 + 12 
Mean BP (mm Hg) 91 + 14 102 +9 
SV (ml) 89 + 13 129 + 19 
EF (96) 6316 79 16 
EDV (ml) 144+ 24 164 + 23 
CO (liters/min) 6.2+ 1.5 17.4+2.9 


BP = blood pressure; CO = cardiac output; EDV = end-diastolic volume; EF = ejection fraction; HR = heart rate; SV = stroke volume. 


volume from 144 + 24 to 164 + 23 ml and a 25 percent 
increase in ejection fraction from 63 + 6 to 79 + 5 per- 
cent (Table I). 

Prolonged exercise: Although the subjects exercised 
at a constant submaximal work load, cardiac output 
increased from 17.4 to 19.4 liters/min between 10 and 
60 minutes of the prolonged exercise period primarily 
because of a gradual increase in heart rate during the 
same period. During maximal effort at the conclusion 
of the prolonged exercise period, cardiac output in- 
creased further to 23.4 + 3.7 liters/min. This 23 percent 
higher cardiac output was due exclusively to a faster 
heart rate because stroke volume, ejection fraction and 


FIGURE 3. The cardiovascular response to brief and 6 
prolonged exercise. The increase in stroke volume pTT 

(SV) during exercise is the result of an increase inboth sec , 
ejection fraction (EF) and end-diastolic volume (EDV). 
Cardiac output (CO) during maximal effort was higher 
during the brief than during the prolonged exercise 


Prolonged Brief 


end-diastolic volume did not change significantly (Table 
D. All subjects had a significant weight loss and increase 
in hematocrit during the prolonged exercise period 
(Table IIT). 

Maximal effort after brief and prolonged exer- 
cise: The subjects achieved the same heart rate of 180 
beats/min during maximal effort at the conclusion of 
both exercise periods despite a higher work load (1,690 
+ 404 versus 1,140 + 265 kpm/min, p <0.001) and mean 
blood pressure (112.3 + 10.5 versus 96.4 + 9.0 mm Hg, 
p «0.001) during the brief exercise period (Fig. 1). 
Furthermore, cardiac output was 15 percent higher 
during brief exercise (26.9 + 3.1 versus 23.4 + 3.7 li- 
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TABLE Il 


Hemodynamic Measurements at Rest and During Brief and Prolonged Exercise 





Prolonged Exercise 


Brief Exercise 


Rest Submaximal Submaximal Maximal Maximal 
(0 min) (10 min) (60 min) (120 min) (10 min) 
SV EDV EF SV EDV EF SV EDV EF SV EDV EF SV EDV EF 
Subjects (ml) (ml) (96) (ml) (ml) (96) (ml) (ml) (96) (ml) (ml) (96) (ml) (ml) (96) 
1 78 120 65 111 131 85 127 149 85 107 131 82 121 136 89 
2 96 158 60 136 174 78 144 172 84 134 168 80 154 185 83 
3 85 122 70 99 127 78 104 131 79 98 124 79 129 166 79 
4 75 137 55 125 158 79 126 150 84 123 156 79 161 199 81 
5 98 146 67 128 166 77 123 148 83 120 154 78 154 181 85 
6 107 178 60 152 190 80 149 167 89 140 173 81 149 162 92 
7 79 152 52 113 167 68 130 183 71 127 179 71 137 199 75 
8 76 107 71 146 166 88 146 166 88 152 171 89 159 185 86 
9 108 172 63 151 194 78 147 175 84 172 200 86 183 213 86 





EDV = end-diastolic volume; EF = ejection fraction; SV = stroke volume. 


ters/min, p <0.001) primarily because of a larger end- 
diastolic volume (179 + 22 versus 162 + 24 ml, p <0.01), 
although the ejection fraction was also slightly higher 
(84 + 5 versus 81 + 5 percent, p <0.05) (Table I). Pul- 
monary blood volume was larger during the brief exer- 
cise (991 + 284 versus 829 + 284 ml, p <0.001) despite 
comparable reductions in pulmonary transit time dur- 
ing both exercise periods (Fig. 3). 


Discussion 


Normal cardiac response to upright exercise: In 
the present study, cardiac output increased during erect 
exercise as a result of increases in both heart rate and 
stroke volume. Both a higher ejection fraction and a 
larger end-diastolic volume contributed to this increase 
in stroke volume. The normal cardiac response to ex- 
ercise thus involves tachycardia, enhanced myocardial 
contractility and operation of the Starling mecha- 
nism. 

Previous studies have shown that stroke volume 
consistently increases during upright exercise but does 
not change significantly during supine exercise. Fur- 
thermore, the maximal stroke volume during exercise 
in the upright position is only equal to or slightly greater 
than that at rest with the subject supine.!-515-?? During 
the change from the resting supine to the resting upright 
position, blood is pooled in the lower body. With the 
onset of erect exercise, there is a redistribution of blood 
flow from the dependent parts back to the central cir- 
culation by the leg muscle pump. 

Stroke volume was significantly larger in our subjects 
during maximal than during submaximal effort at 10 
minutes. Chapman et al.? and other subsequent inves- 
tigators?.?? observed a similar relation between the 
magnitude of increase in stroke volume and the severity 
of exercise in studies using the indicator-dilution 
technique. Until the recent development of radionuclide 
angiocardiography, no method was available for mea- 
suring end-diastolic volume or ejection fraction during 
upright exercise so that the relative contributions of 
these two mechanisms to the increase in stroke volume 
remained speculative. 
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The Starling mechanism during exercise: Star- 
ling?? stated in The Linacre Lecture that “if a man 
starts to run, his muscular movements pump more 
blood into the heart, so increasing the venous filling . . . 
As a result the heart is overfilled during diastole and is 
impeded from emptying itself in systole: its volume both 
in systole and diastole enlarges progressively until by 
lengthening of the muscle fibres so much more active 
surfaces are brought into play within the fibres that the 
energy of contraction becomes sufficient to drive on into 
the aorta during each systole the largely increased vol- 
ume of blood entering the heart from the veins during 
the diastole.” The clinical applicability of this principle, 
established in isolated heart-lung preparations, was 
quickly challenged by exercise physiologists who noted 
either no increase or an actual decrease in total heart 
volume during exercise.24-26 Braunwald et al.” and 
others5?8-30 demonstrated that epicardial end-diastolic 
dimension, measured by the roentgenopaque marker- 
cineradiographic technique, usually decreased during 
supine exercise. These investigators suggested that 
Starling's law might be masked by the opposing effects 
of tachycardia and enhanced sympathetic activity. Ross 
et al.?? observed that end-diastolic dimension did not 
increase during spontaneous supine exercise but did 
increase if the heart rate were raised by atrial pacing 
before the exercise period. 

Recently, studies?!?? in chronically instrumented 
dogs demonstrated that end-diastolic dimension in- 
creases during maximal but not submaximal exercise. 
Similar findings have been reported in human beings 
in studies using echocardiography to measure ventric- 
ular dimensions during semi-supine exercise.?? The 
results of our study indicate that the Starling mecha- 
nism is utilized during submaximal as well as during 
maximal upright exercise in human beings. Stroke 
volume in athletes has been reported to more than 
double during upright exercise.!:!© Such a large increase 
in stroke volume could not be mediated by an increase 
in myocardial contractility alone because the normal 
resting ejection fraction is greater than 50 percent. 

Role of tachycardia during exercise: Bainbridge** 
suggested that extreme tachycardia during exercise 
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limited ventricular filling. Our study revealed increased 
end-diastolic volume in all subjects during brief maxi- 
mal exercise even at heart rates approaching 200 
beats/min. Our subjects were in excellent physical 
condition. Several investigators!635-38 have reported 
that both an increase in total blood volume and a de- 
crease in total peripheral resistance occur with training 
and that these changes, which enhance venous return, 
parallel improvement in exercise performance. Seden- 
tary persons without cardiovascular disease occasionally 
demonstrate a decrease in end-diastolic volume and no 
change in stroke volume during upright exercise.9 Be- 
cause poorly conditioned patients often experience 
rapid heart rates with minimal exertion, venous return 
in these patients may not increase enough during ex- 
ercise to compensate for the reduction in diastolic filling 
time. 

The ejection fraction also uniformly increased in our 
subjects during exercise, and the increase was greater 
during maximal than during submaximal effort. This 
increase in ejection fraction is primarily due to the in- 
crease in end-diastolic volume, that is, the Starling 
mechanism. However, because end-systolic volume 
decreased despite the increase in end-diastolic volume, 
the higher ejection fraction probably also reflects in part 
enhanced myocardial contractility. 

Cardiovascular adjustments during prolonged 
exercise: During the first 110 minutes of prolonged 
submaximal exercise, a progressive increase in heart rate 
and decrease in blood pressure occurred even though 
the work load was held constant. These cardiovascular 
adjustments may be related to an increase in body 
temperature and subsequent redistribution of blood 
flow to the skin.?? The cardiac output was significantly 
higher at 60 than at 10 minutes solely because of a faster 
heart rate since stroke volume did not change signifi- 
cantly. In contrast, other investigators 64! reported that 
the increase in heart rate during prolonged exercise was 
associated with a decrease in stroke volume so that 
cardiac output remained constant. No radionuclide 
measurements were made in our subjects between 60 
and 110 minutes, when the major shift in heart rate 
occurred. Stroke volume may have decreased during 
this period (unless cardiac output continued to in- 
crease). 

At the conclusion of the 120 minutes of continuous 
exercise, maximal effort increased cardiac output fur- 
ther than that measured during submaximal effort 
earlier in the study. A faster heart rate alone accounted 
for this increase in cardiac output because end-diastolic 
volume and ejection fraction did not change signifi- 
cantly. These findings suggest that during maximal 
effort after prolonged submaximal exercise, the heart 
cannot further use the Starling mechanism or enhanced 
contractility to augment its performance. Indeed, at the 
end of the prolonged exercise period, three subjects 
(Cases 4 to 6) had a 5 percent or greater decrease in 
ejection fraction below the level of 60 minutes. This 
apparent decrease in myocardial contractility may 
represent early “cardiac fatigue" that has been postu- 
lated to occur during prolonged exercise.39-4! 


EXERCISE A 


TABLE Ill 


Changes in Weight and Hematocrit With Prolonged 
Exercise (mean + standard deviation) 


Before After Percent 
Exercise Exercise Change p 
Weight (kg) 72.3 + 9.3 70.8 + 9.3 =—2 <0.001 
Hematocrit (90) | 42.4 X 2.2 46.4 + 2.8 9 «0.001 
p = probability. 


Fluid loss or redistribution during exercise: Al- 
though the same heart rate was achieved during maxi- 
mal effort at the conclusion of both the brief and pro- 
longed exercise periods, the peak work load was uni- 
formly lower when maximal effort followed prolonged 
submaximal exercise. Furthermore, stroke volume and 
cardiac output were not as large during the prolonged 
exercise period primarily because of a smaller end- 
diastolic volume, although the ejection fraction was also 
significantly lower. Fluid loss or redistribution to the 
skin during the prolonged exercise period probably 
contributed to this reduced level of cardiac perfor- 
mance.?? All subjects lost weight and had an increase 
in hematocrit during the prolonged exercise period. 
Also, pulmonary blood volume, which correlates closely 
with end-diastolic volume, was less during prolonged 
than during brief exercise despite comparable reduc- 
tions in pulmonary transit time during both exercise 
periods. In contrast, Saltin^? observed no decrease in 
maximal stroke volume or cardiac output after thermal 
dehydration, although the ability to sustain maximal 
effort was markedly reduced. Studies in subjects who 
receive fluid replacement during prolonged exercise 
might resolve this apparent contradiction. 

In summary, the cardiovascular response to brief and 
prolonged upright exercise was documented in nine 
healthy young men with use of radionuclide angiocar- 
diography. Cardiac output increased as a result of a 
large increase in heart rate and a moderate increase in 
stroke volume. A higher ejection fraction and a larger 
end-diastolic volume contributed to the increase in. 
stroke volume, and these measurements were greater 
during brief maximal than during brief submaximal 
effort. The human left ventricle thus uses the Starling 
mechanism to augment performance during submaxi- 
mal as well as maximal upright exercise. An increase in 
cardiac output with maximal effort after prolonged 
exercise at a submaximal work load was achieved by an 
acceleration in heart rate alone since stroke volume did 
not change significantly. Cardiac output was lower when 
maximal effort was preceded by prolonged rather than 
by brief exercise despite the same elevation in heart rate 
during both periods; a smaller end-diastolic volume was 
primarily responsible for the lower cardiac output after 
prolonged exercise. Because all subjects had a signifi- 
cant weight loss and increase in hematocrit during the 
prolonged exercise, fluid loss probably limited ven- 
tricular filling and consequently maximal cardiac out- 
put. Therefore, avoidance of dehydration during pro- 
longed exercise may improve cardiac performance. 
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The potential impact of percutaneous transluminal coronary angioplasty 
on surgery for angina pectoris was evaluated in 500 consecutive patients 
referred because of intractable symptoms. A positive lesion, that is, one 
appropriate for percutaneous transluminal coronary angioplasty, was 
defined as proximal, discrete, segmental, subtotal, noncalcific and 
stenotic. Significant disease was observed in 1,079 major coronary ar- 
teries, of which 9.4 percent were not appropriate for bypass surgery. 
Positive lesions were observed in 115 arteries (10.7 percent); these were 
in the left anterior descending artery in 60; in the right coronary artery in 
37 and in the left circumflex artery in 18 cases. Main left coronary artery 
disease was present in 31 patients with six lesions appropriate for coro- 
nary angioplasty. Of these six patients none had isolated left main coronary 
artery disease. Operable coronary lesions were noted in 474 patients of 
whom 105 (22 percent) had positive lesions appropriate for angioplasty. 
The age of patients with such lesions was not significantly different from 
that of the remaining patients. However, the duration of clinical heart 
disease was significantly (p <0.01) shorter in those with positive lesions, 
with the frequency of such lesions inversely related to duration of disease, 
and myocardial infarction was less frequent in those with angioplastic 
lesions (28.6 versus 43.5 percent, p <0.01). An ideal patient for percu- 
taneous transluminal coronary angioplasty was defined as one with a 
positive lesion in all operable coronary arteries. Thus, 40 patients were 
considered ideal for this procedure and represented 8.4 percent of op- 
erable candidates. Thirty patients had single vessel disease (of the left 
anterior descending artery in 19, the right coronary artery in 8 and the 
circumflex artery in 3) and 10 had disease of two vessels. No patient with 
triple or left main coronary artery disease was ideally suited for percu- 
taneous transluminal coronary angioplasty. The only factor that distin- 
guished the patient ideally suited for angioplasty from the remaining pa- 
tients was a shorter duration (2.0 versus 4.1 years) of clinical disease (p 
« 0.01) and a lesser frequency (15 versus 43 percent) of myocardial in- 
farction (p <0.01). Seven additional patients were noted as being less 
ideal for coronary angioplasty, but still potential candidates. It is concluded 
that percutaneous transluminal coronary angioplasty may play a role in 
only 8 to 10 percent of patients with angina pectoris. 


Symptomatic coronary artery disease can be treated in the majority of 
instances by medical therapy. However, in a select group of patients, 
aortocoronary bypass surgery is indicated. Percutaneous transluminal 
coronary angioplasty offers an innovative alternative for some patients 
in whom medical therapy has been unsatisfactory in the control of angina 
pectoris. Since the initial introduction of coronary angioplasty in 1977 
by Gruntzig,! early clinical reports?~’ indicate that it may be a promising 
alternative in the management of some patients with angina pectoris. 
These early studies documented that coronary angioplasty can effec- 
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tively dilate a stenotic coronary artery and relieve an- 
gina pectoris, with immediate improvement in myo- 
cardial perfusion and performance as defined subjec- 
tively and objectively. Many questions have yet to be 
answered concerning this procedure's role in patients 
with symptomatic coronary artery disease. On the basis 
of the criteria for selection described so far®45 only a 
limited number of patients can be considered candi- 
dates for coronary angioplasty. The purpose of this 
paper is to determine the frequency of patients with 
angina pectoris who are currently suitable candidates 
for percutaneous transluminal coronary angioplasty and 
the possible impact that such a procedure may have in 
replacing coronary artery bypass surgery. 


Methods 


Patients: A consecutive series of 500 patients with angina 
pectoris who were referred for evaluation for aortocoronary 
bypass surgery forms the basis of this study. All patients were 
interviewed, examined and evaluated by us. Factors in the 
patient's history included the time of onset of clinical disease 
(angina pectoris or myocardial infarction). A 12 lead standard 
electrocardiogram was taken in all patients and interpreted 
on the basis of accepted criteria.? The angiographic methods 
utilized to evaluate these patients have previously been de- 
scribed.!? Standard left and right heart catheterization was 
performed by either a percutaneous approach by way of the 
femoral vessels or by means of a brachial cutdown. Cinean- 
giograms were taken with a 35 mm camera at 60 frames/s in 
multiple projections. No patient had severe left ventricular 
dysfunction, which would preclude aortocoronary bypass 
surgery. (In general, by consensus of both the medical and 
surgical team, a patient was excluded because of severe left 
ventricular dysfunction.) Severe left ventricular dysfunction 
usually included an ejection fraction of less than 0.20 together 
with generalized hypokinesia. 

Coronary angiography: The selective coronary arterio- 
grams were reviewed and each of the coronary arteries (left 
main, right, left circumflex and left anterior descending ar- 
teries) were evaluated by both of us. Significant coronary ar- 
tery disease was defined as narrowing of the lumen of the 
coronary arterial wall by more than 50 percent.!? Single cor- 
onary artery disease (excluding the left main coronary artery) 
was defined as significant disease of only one vessel, while 
double and triple vessel disease indicated significant disease 
of two and three coronary arteries, respectively. Criteria for 
coronary arterial dominance were similar to those of Higgins 
and Wexler.!! Coronary arterial calcification, especially if it 
occurred in the region of a stenotic lesion, was noted.!? A 
coronary artery was considered inoperable if it showed com- 
plete obstruction and no runoff by way of intra- or interco- 


TABLE | 
Findings of Individual Coronary Arteries in 500 Patients 


PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY—HAMBY AND KATZ 


ronary collateral vessels, or if there was significant distal 
disease or extensive diffuse disease. In general, the decision 
of inoperability was made by consensus in conjunction with 
a surgical team. A patient was considered inoperable in the 
case of single and double vessel disease when all diseased 
vessels were inoperable, and in triple vessel disease when both 
the right coronary and left anterior descending arteries were 
inoperable. 

Lesions appropriate for coronary angioplasty: On the 
basis of prior observations?^4? a lesion appropriate for per- 
cutaneous transluminal coronary angioplasty (a "positive" 
lesion) was defined as a proximal, discrete, segmental (1 to 1.5 
cm or less), subtotal and noncalcific stenotic lesion. A proximal 
lesion was defined as one proximal to the acute or obtuse 
margins of the heart, respectively, for the right coronary and 
left circumflex arteries,!? and as a lesion located in the prox- 
imal half in the left anterior descending artery. A lesion was 
considered to be inappropriate for percutaneous translu- 
minal coronary angioplasty (a "negative" lesion) when the 
diseased coronary artery had one or more of the following 
features: complete obstruction, multiple significant lesions 
in the same artery, a calcified lesion, distal or branch (obtuse 
marginal artery, diagonal artery, posterior descending artery) 
disease, a long (1 to 1.5 cm or more) stenotic segment, a 
markedly stenotic segment (narrowing greater than 95 per- 
cent) or stenotic orifice of 1 mm or less) or a lesion including 
or immediately adjacent to a coronary arterial bifurcation. 
This latter case included a main left coronary arterial lesion 
at its bifurcation into the left anterior descending and left 
circumflex artery, a lesion of the left circumflex artery in- 
cluding or immediately adjacent to the obtuse marginal artery 
or a lesion of the left anterior descending artery at the point 
of origin of the diagonal artery. 

An ideal patient for percutaneous transluminal coronary 
angioplasty was defined as one presenting positive lesions in 
all operable coronary arteries. A "compromise" ideal patient 
for percutaneous transluminal coronary angioplasty was 
defined as one with double vessel disease with a positive lesion 
of the right coronary artery or left anterior descending artery 
in conjunction with a negative lesion of the left circumflex 
artery or as a patient with triple vessel disease with positive 
lesions in at least two of the three diseased vessels. 

All data obtained from this study were tabulated and 
evaluated using standard statistical methods with the aid of 
a statistician. 


Results 


'The study group consisted of 79 women and 421 men 
with a mean age of 60 + 8.2 and 55 + 8.5 years, respec- 
tively (p «0.005). Other than the age differences noted, 
the results were not significantly different when the men 
and women were evaluated separately; therefore the 





Significant 
Disease 
Vessel n 96 * 
Right coronary artery 365 81.1 
Left anterior descending artery 404 81.8 
Left circumflex artery 310 62.0 
Total 1,079 71.9 


n 


317 
374 
287 
978 


Significant Operable 
Operable Disease Disease 
Vessels PTCA-Positive (96 with PTCA- (96 with PTCA- 
96 t Lesions positive lesion) positive lesion) 
86.8 37 10.1 TY 
92.6 60 14.8 16.0 
92.5 18 5.8 6.3 
90.6 115 10.7 11.8 


* Represents the percent of all vessels at risk; for the right coronary artery this excludes nondominant vessels. 
* Represents the percent of all vessels with significant disease that are operable. 
PTCA = percutaneous transluminal coronary angioplasty; a positive lesion is one considered appropriate for this procedure. 


1162 


June 1980 The American Journal of CARDIOLOGY Volume 45 


PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY—HAMBY AND KATZ 


results presented will be for the entire group. Single, 
double and triple vessel disease was present in 26.8, 31.0 
and 42.2 percent, respectively, with 6.2 percent (31 pa- 
tients) also having left main coronary artery disease. In 
the latter 31 patients, coexisting single, double and 
triple vessel disease was present in 4, 8 and 18 patients, 
respectively, with only one patient presenting isolated 
left main coronary artery disease. 

Coronary angiographic features: In the 500 pa- 
tients, 1,079 major coronary arteries were significantly 
diseased, of which 101 arteries (9.4 percent) were con- 
sidered inoperable. Positive lesions appropriate for 
percutaneous transluminal coronary angioplasty were 
observed in 115 arteries; these represent 10.7 percent 
of all vessels with significant disease and 11.8 percent 
of all operable lesions (Table I). Of the positive lesions, 
37 (32 percent) were found in the right coronary artery 
and 60 (52 percent) and 18 (15.6 percent) in the left 
anterior descending and circumflex arteries, respec- 
tively. Table II shows the characteristic features of the 
863 coronary arteries that demonstrated significant 
disease and were suitable for aortocoronary bypass 
surgery but that were nevertheless considered inap- 
propriate for coronary angioplasty. Many of these cor- 
onary arteries had more than one feature that charac- 
terized them as having negative lesions. There were 31 
instances of left main coronary artery disease; 25 of 
these (81 percent) were considered negative lesions 
(because of calcification in 20, close proximity to the left 
anterior descending and left circumflex artery [bifur- 
cation lesions] in 6 and extreme stenosis in 2). The other 
six lesions designated as positive accompanied triple 
vessel disease in four and double and single vessel dis- 
ease in the remaining two cases. An operable right cor- 
onary arterial lesion was present in the one case with 
coexisting single vessel disease and left main coronary 
disease. In the only instance of isolated left main coro- 
nary artery disease the lesion revealed a marked degree 
of calcification. 

Positive versus negative coronary lesions: The 115 
positive lesions appropriate for percutaneous translu- 
minal coronary angioplasty were observed in 105 pa- 
tients (21 percent). The age of these 105 patients was 
not significantly different from that of the 395 patients 
whose lesions were negative (inappropriate for angio- 
plasty): 52 + 9.4 versus 57 + 8.5 years. The frequency 
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FIGURE 1. Frequency of a patient having a lesion suitable (positive) 
for percutaneous transluminal coronary angioplasty (PTCA) related to 
age and sex. 
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of positive lesions was inversely related to age (Fig. 1). 
The duration of clinical heart disease was significantly 
(p <0.01) shorter in those with positive lesions (2.4 
versus 4.0 years). Symptoms were present for 1 year or 
less in 56 percent of those with positive lesions com- 
pared with 40 percent in those with negative lesions (p 
<0.005), whereas symptoms were present for 7 or more 
years in only 11 percent with a positive lesion compared 
with 22 percent of those with a negative lesion (p 
<0.025). The frequency of positive lesions was inversely 
related to the duration of symptoms (Fig. 2); thus, 26 
percent of patients with symptoms for 1 year or less had 
a positive lesion compared with 12 percent of those with 
symptoms for 10 or more years. Finally, a prior myo- 
cardial infarction was noted in 28.6 percent of those with 
a positive lesion compared with 43.5 percent in those 
with a negative lesion (p <0.01). Only 14.9 percent of the 
202 patients with a prior myocardial infarction had a 
positive lesion compared with 25.5 percent of the re- 
maining 298 patients (p <0.005). 

The ideal patient for coronary angioplasty: The 
105 patients with a positive lesion comprised 30 with 
single vessel disease and 31 and 44 with double and 
triple vessel disease, respectively. Forty patients were 





TABLE Il 

Characteristic Features* of Lesions Considered Inappropriate (Negative) for Percutaneous Transluminal 

Coronary Angioplasty 

Right Coronary Artery Left Anterior Descending Circumflex Artery 
(n — 280) (n = 314) (n — 269) 
n 96 n 96 n 96 

Complete proximal obstruction with distal collateral filling 154 55.0 106 33.8 65 24.2 
Multiple lesions 103 36.8 79 25.2 50 18.6 
Calcified lesion 46 16.4 104 33.1 61 22.7 
Distal or branch disease 29 10.4 13 4.1 129 48.0 
Long stenotic segment 30 10.7 27 8.6 5 1.9 
Markedly stenotic segment 30 10.7 72 22.9 38 14.1 
Bifurcation disease 3 1j 15 4.8 21 7.8 


* Criteria for each feature is given in the Methods section. 
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FIGURE 2. Frequency of a patient having a lesion suitable for percu- 
taneous transluminal coronary angioplasty (PTCA) related to duration 
of clinical disease. 
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considered ideal candidates for percutaneous translu- 
minal coronary angioplasty (see Methods); these rep- 
resented 8 percent of the total patient population and 
8.4 percent of all patients whose condition was consid- 
ered operable (Fig. 3). The 40 patients consisted of 30 
with single and 10 with double vessel disease. Of the 30 
patients with single vessel disease, 19 had left anterior 
descending artery disease, 8 right coronary and 3 cir- 
cumflex artery disease. In the 10 patients ideally suited 


500 PATIENTS 


SVD DVD TVD 
N=134 N=155 N=2II 
(26.8%) (31.0%) (42.2%) 
INOPERABLE INOPERABLE INOPERABLE 
N*16 N=4 N=6 
OPERABLE OPERABLE OPERABLE 
N*118 N*151 N=205 
(88%) (97%) (97%) 
PTCA PTCA PTCA 
Lesion Lesion Lesion 
N=30 “N=3I N=44 
(25.4%) (20.5%) (21.5%) 
PTCA PTCA PTCA 
Patient Patient Patient 
N=30 ] N*1O ] P=0 
LAD = 19 LAD * RCA* 5 
RCA= 8 LAD + Circ. = | 
Circ.» 3 RCA+ Inop.LAD=2 


LAD+ Non-Dom. RCA=2 


FIGURE 3. Summary chart of the evaluation of 500 patients referred 
because of intractable symptoms. Circ. = circumflex artery; DVD = 
double vessel disease; inop. = inoperable; LAD = left anterior de- 
scending artery; N = number; Non-Dom = nondominant: P = patient; 
PCTA = percutaneous transluminal coronary angioplasty; RCA = right 
coronary artery; SVD = single vessel disease; TVD = triple vessel 
disease. 


for percutaneous transluminal angioplasty who had 
double vessel disease, 5 had positive lesions of both the 
right and left anterior descending coronary arteries, 
whereas 1 patient had suitable lesions of both the left 
anterior descending and circumflex arteries. The re- 
maining four patients included two with a positive lesion 
of the right coronary artery and an inoperable left an- 
terior descending arterial lesion, and two had a positive 
lesion of the left anterior descending artery and signif- 
icant disease of a nondominant right coronary artery not 
considered suitable for bypass surgery. None of the 211 
patients with triple vessel disease were ideally suited for 
percutaneous transluminal coronary angioplasty; there 
were 40 patients having only one vessel with a positive 
lesion and 4 having two vessels with a positive lesion. By 
definition no patient with left main coronary artery 
disease was ideally suited for percutaneous transluminal 
coronary angioplasty. 

The 40 patients considered ideally suited for percu- 
taneous transluminal coronary angioplasty had a mean 
age of 51 + 9.0 years (range 32 to 76); 27.5 percent were 
less than 50 years old. The age of the remaining 460 
patients not ideally suited for coronary angioplasty was 
not significantly different (57 + 8.8 years). The mean 
duration of clinical heart disease in those ideally suited 
for coronary angioplasty and in the remaining patients 
was, respectively, 2.0 and 4.1 years (p «0.01). Sixty-five 
percent of the ideally suited patients had symptoms for 
1 year or less compared with 41 percent of those not 
suitable for coronary angioplasty (p «0.01). Finally, six 
(15 percent) patients suitable for coronary angioplasty 
had a myocardial infarction, compared with 43 percent 
of those not suitable for this procedure (p <0.01). The 
"compromised" ideal patients for percutaneous tran- 
sluminal coronary angioplasty (see Methods for defi- 
nition) included five patients with double and two with 
triple vessel disease. Thus, the ideal plus the “com- 
promise" ideal patients for coronary angioplasty rep- 
resented only 10 percent of the entire group considered 
suitable for coronary bypass surgery. 


Discussion 


Unsolved questions: Early experience?25-7 has 
demonstrated that percutaneous transluminal coronary 
angioplasty can effectively dilate a stenotic coronary 
artery, resulting in both improved myocardial perfusion 
and exercise tolerance. Many questions remain to be 
resolved before this procedure can be accepted as a 
method of treatment of angina pectoris. How long will 
the anatomic and functional benefit be maintained? 
The risk and complications of this procedure must be 
further delineated, especially in relation to its potential 
beneficial effects on both symptoms and longevity. 
What will be the impact of such a procedure on cur- 
rently accepted modes for the management of angina 
pectoris and on cost factors compared with those of 
coronary bypass surgery? Our findings must be inter- 
preted with some reservation because one can anticipate 
both improvement in catheter design and technique and 
increased experience of those applying this technique 
to patients with angina pectoris. Nevertheless, our study 
does define the frequency of coronary stenotic lesions 
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currently considered optimally suited for balloon dila- 
tion.245 However, simply defining the frequency of such 
stenotic lesions in a group of patients with angina pec- 
toris does not predict the success of percutaneous 
transluminal coronary angioplasty. All previous stud- 
ies2358 have uniformly demonstrated that percuta- 
neous transluminal coronary angioplasty was unsuc- 
cessful in approximately one third of patients selected 
for the procedure. This failure in selected patients is due 
to such factors as tortuosity of the coronary artery or 
sharp angulation of the takeoff of the left anterior de- 
scending or right coronary artery, which prevent proper 
positioning of the balloon catheter. Improvement of 


catheter material and redesign of such catheters may 


overcome such technical problems in the future. The 
inherent design of the catheter prevents the use of 
coronary angioplasty in markedly stenotic vessels be- 
cause the diameter of the collapsed balloon ranges be- 
tween 1 and 1.5 mm.^? Thus, the presence of a stenotic 
orifice that is too small in diameter or inappropriateness 
of the geometry of the orifice of the stenotic segment 
may prevent passage of the collapsed balloon to an ef- 
fective position. 

Pathologic studies: Studies!^ have demonstrated 
that inflation of the balloon catheter in an atheromatous 
vessel is accompanied by compression of the intimal 
plaque. Compressibility of an atheromatous plaque will 
depend on the relation between atheromatous deposi- 
tion and associated fibrous proliferation. In the early 
stage of the development of an intimal plaque there is 
a greater preponderance of atheromatous material!’ and 
thus the lesion will be more readily compressible, 
whereas an older plaque has more fibrous tissue and 
thus will be less compressible. Gruntzig? states that 
*hard lesions," which presumably have a greater 
amount of fibrous tissue, are not distensible and are not 
suitable for percutaneous transluminal coronary an- 
gioplasty. The so-called uncomplicated plaque,!? ob- 
served in the early pathologic stage of atherosclerotic 
disease of the coronary arteries, is most suitable for 
coronary angioplasty; the complicated plaque, charac- 
terized by intimal calcification, laceration and tear, 
hemorrhage or pultaceous debris within the wall of the 
coronary artery is not suitable for this procedure. Thus, 
patients with early pathologic manifestations of coro- 
nary artery disease will be more likely to have soft, 
distensible uncomplicated plaques. However, angio- 
graphic studies demonstrating an apparently ideal le- 
sion for coronary angioplasty do not guarantee that such 
a lesion is indeed distensible.?4^ Finally, pathologic 
studies!4-!8 have demonstrated that coronary angiop- 
lasty may be accompanied by intimal tear, rupture of 
a plaque, medial dissection and thrombus deposition 
on the compressed intimal plaque. Such changes in the 
wall of the ballooned coronary artery probably con- 
tribute to the clinical deterioration after percutaneous 
transluminal coronary angioplasty that was noted in 
almost 10 percent of patients undergoing the procedure 
and in whom emergency bypass surgery was neces- 
sary.?^ 

Frequency of suitable angiographic lesions: In 
our entire study of 500 cases, significant disease was 


found in 1,079 major coronary arteries (excluding the 
left main coronary artery), of which 101 (9.4 percent) 
were considered inoperable. All these inoperable vessels 
were not suitable for percutaneous transluminal an- 
gioplasty because of either diffuse disease or complete 
obstruction. Of the 500 patients studied, 26 (5.2 percent) 
were not considered candidates for aortocoronary by- 
pass surgery (Fig. 3). In a postmortem study by Berger 
and Stary!? 11.3 percent of 300 cases were considered 
anatomically unsuitable for aortocoronary bypass sur- 
gery. In our study percutaneous transluminal coronary 
angioplasty was precluded in all patients whose arteries 
were considered anatomically unsuitable for coronary 
bypass surgery. Of the 978 operable coronary arteries 
in our series, 115 (11.8 percent) were also considered 
anatomically suitable for percutaneous transluminal 
coronary angioplasty. The left anterior descending 
coronary artery was the most frequent (52 percent) of 
the three major arteries suitable for coronary angiop- 
lasty, confirming the experience of others.??^ The most 
common angiographic features found in those arteries 
not suitable for angioplasty generally were complete 
obstruction, multiple or distal disease, calcification and 
a markedly stenotic lesion. 

In the 31 cases of left main coronary artery disease 
only angioplasty was considered appropriate in only 6. 
However, if one defines an ideal patient for percuta- 
neous transluminal coronary angioplasty as one with 
“positive” (appropriate) lesions in all operable coronary 
arteries, then none of the six patients with appropriate 
left main coronary anterial lesions can be considered 
ideal for this procedure because all had at least one 
other coronary artery involved with significant but 
"negative" (inappropriate) disease. It has previously 
been observed!?29-?2? that left main coronary artery 
disease is commonly associated with double and triple 
vessel disease. Isolated left main coronary artery disease 
has been reported in 0.5 percent of cases in one large 
series?? and in one of our cases the left main coronary 
artery revealed extensive calcification. In the six pa- 
tients with a positive (appropriate for angioplasty) le- 
sion of the main left coronary artery, four had triple, one 
double and one single vessel disease. The common oc- 
currence of associated disease of the three major coro- 
nary arteries in patients with disease of the left main 
coronary artery may in part explain the poor results 
thus far encountered with balloon dilatation of this 
artery. Of 11 patients undergoing successful percuta- 
neous transluminal coronary angioplasty of a lesion in 
the left main coronary artery, 3 died within a year, 
prompting the recommendation? that coronary angio- 
plasty not be carried out in patients with disease of this 
artery. 

Clinical factors related to suitable lesions: In the 
105 patients having at least one lesion appropriate for 
percutaneous transluminal coronary angioplasty, the 
only factors distinguishing them from the remaining 
patients were the shorter duration of symptoms and the 
lesser prevalence rate of a prior myocardial infarction. 
Consistent with the pathologic evaluation of coronary 
artery disease,!? a shorter duration of clinical disease 
was more likely to be associated with a lesion appro- 
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priate for coronary angioplasty. The absence of 
transmural myocardial infarction was also associated 
with a significantly higher frequency of lesions appro- 
priate for angioplasty. The age of patients was not sig- 
nificantly different between those with such positive 
lesions and the remaining patients. Of the 105 patients 
with positive lesions only 40 were considered ideal for 
percutaneous transluminal coronary angioplasty. These 
40 patients with positive lesions in all operable diseased 
vessels were characterized by a wide age range (32 to 76 
years), a short duration of symptoms (1 year or less in 
60 percent) and a very low incidence rate (15 percent) 
of transmural myocardial infarction. These same 
characteristics have been described in the patients thus 
far reported to have had percutaneous transluminal 
coronary angioplasty.%457 If one compromises in se- 
lecting patients for percutaneous transluminal coronary 
angioplasty to include those with double vessel disease 
(positive lesion in the right or left anterior descending 
artery plus negative lesion in the left circumflex artery) 
as well as those with triple vessel disease (positive le- 
sions in at least two of the diseased vessels), then an 
additional seven patients would be candidates for cor- 
onary angioplasty. 

Prior estimates of the frequency of patients with 
coronary artery disease who are suitable for percuta- 
neous transluminal coronary angioplasty have ranged 
from 10 to 15 percent.?* Our prospective consecutive 
series reveals that only 8 percent of patients referred for 
refractory angina pectoris are ideally suitable candi- 


dates for the procedure. Almost 20 percent of patients 
have at least one positive lesion suitable for angioplasty, 
but all are not ideal candidates. However, under certain 
circumstances less ideal patients may be considered for 
coronary angioplasty, such as patients with intractable 
angina pectoris who, because of medical reasons (cancer, 
uremia, and so on), are poor surgical risks. If only pa- 
tients found after study to be good candidates for sur- 
gical revascularization are considered, then 8.4 to 9.9 
percent of such patients would also be candidates for 
percutaneous transluminal coronary angioplasty. 
However, it should be realized that this procedure may 
fail in 30 to 35 percent of patients selected for the op- 
eration or that emergency surgery may be required (4 
to 6 percent). Thus, realistically, the frequency of can- 
didacy for percutaneous transluminal coronary angio- 
plasty noted in our study probably is an overestimation 
of the number of potentially successful procedures. 
Nevertheless, even if only 6 to 7 percent of surgical 
candidates undergo successful percutaneous translu- 
minal coronary angioplasty, the impact will be signifi- 
cant because of the large number of patients who may 
undergo this procedure annually. The impact may well 
include a lower cost and a shorter hospital stay and re- 
cuperation period. 
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THINWALL CATHETERS...THE HEART 
OF VASCULAR PROCEDURES 


After 6 years of extensive research, we have expanded our vascular 
procedures line to include the most popular types of disposable 
catheters. At the heart of this system is the unique white thinwall 
Teflon" catheter, a pacesetter in the marketplace. Its durable while 
allowing for smaller puncture sites and less patient trauma. 

To further complement our product offering, we also supply 
compatible spring guides, vessel dilators and disposable needles 
(Cournand style and percutaneous). 

Order your vascular procedures products from the largest supplier 
of film, chemistry and accessories in North America. Our regional 
technical and sales support representatives are readily available to 


assist you. Or write to Picker Corporation, 595 Miner Rd., PICKE R 
Highland Hts., OH 44143. 








When exercise 
training is 
indicated. 








Now, for the first time, cycle exercise can be enjoyable 
and relaxing...smooth, free of trauma to leg muscles 
and joints. That's just one conclusion from a recent 
physiological study comparing our ergometer with 
the leading mechanical bicycle ergometer used in 
laboratories worldwide. 


An electronically regulated precision ergometer built 
in West Germany to clinical standards, Dynavit has an 
integral cardiotachometer (finger pulse sensor) and 
biofeedback computer. It is specifically designed for 
in-home use to provide a lifetime of comfortable 
compliance with an exercise prescription. 


A keyboard console lets the patient conveniently enter 
his age, weight and sex, and set the monitors and 
alarms for a prescribed heart rate. Intensity is readily 
adjustable in 10-watt increments, and is constant 
effort, independent of pedal speeds. Pedal extensions 
permit exercise of arms and upper body. 


Exercise intensity and duration are digitally displayed 
in terms of elapsed time, calories expended, and exer- 
cise points. Heart rate is used to calculate an exercise 
tolerance quotient and it is auto-corrected to the 
patient's workload, weight and sex. Thus, the very 
predictable result of increased functional capacity is 
numerically demonstrated enhancing compliance with 
your exercise prescription. 


Dynavit ergometers are available through medical 
or exercise equipment dealers. 


KEIPER-DYNAVIT 


305 Era Drive Mannheimer Str 234-236 
Northbrook, IL 60062 6750 Kaiserslautern 
U.S.A. West Germany 
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Brief Summary of Prescribing information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions 

Observe usual precautions with impaired renal or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam | 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 


. 6mg/kg ‘day. No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 


therapeutic dose of 10mg// day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease 

Safety and effectiveness in children under 12 years have not been established » 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

In humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiázepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generali 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases,in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


Overdosage: |n management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been determined 
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Dosage: Individualize for maximum beneficial effects. Increase do 
gradually when needed, giving higher evening dose before increasi 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dos 
may vary from 1 to 10mg/day in divided doses. For elderly or debili 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situ 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


| | € PA 19101 


TM 


Copyright € 1979, Wyeth Laboratorie 
Div. of AHPC, N Y.. N Y. All rightsreserv 








The anxious neart- anxiety so often 


“accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 
Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
‘evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 
In addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 
Compatible with cardiotonics, antihypertensives, diurbtics, 
anticoagulants and nonnarcotic 
 analgesics"...usually well 
tolerated...simple to use on a 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 





See important information on preceding page. 


Ativan. 
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OMOVISION Sa 
New Dimension in 
Nuclear Imaging. 


Tomovision. As dramatic an 
advance over current nuclear 
tomography as tomography 
was Over planar imaging. 
Large organ and area studies 
are now possible. And 
Tomowvision gives you clearer 
images with more detail, 
fewer artifacts, and better 
contrast. How does it 
work? The real secret 
IS IN our collimators 
and programming. 

To complement 
the 7 pinhole 
collimator, we 
designed a 
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revolutionary Rotating Slant 
Hole Collimator. It vvorks on 
Technicare’s small field and 
large field gamma cameras. 
And gives you a field of view 
equal to the diameter of the 
collimator, beginning at the 
face of the 


camera. 


So you can see more than 
ever before. And more clearly 
than ever before. 

So the role of nuclear medi- 
cine in research and diagnosis 
has suddenly expanded. Be- 
cause tomography is ready to 
augment the classic diagnostic 
procedures. Ready to become 
a routine diagnostic tool. 

All Tomovision equipment 
is manufactured by the 
Technicare Corporation. So 
we take care of it all. And 
we're building our one source 
reputation with a commitment 
to excellence. Excellence in 
training of our field service 
engineers. Excellence in pro- 
viding prompt, local service 
throughout the nation. 
Tomovision is your assurance 
that nuclear tomography will 
deliver consistent, reliable 
performance for improved 
clinical confidence. 


TECHNICARE 


Technicare Corporation 
29100 Aurora Road 
Solon, Ohio 44139 
(216) 248-1800 


A kohmona olwwon Comoany 









A 
t> È ~ 
7 b ZI 
^2 E « 


» 
het orb 
P" ? - 
. 


ESL t| 


T AS, 


Before prescribing Norpace (disopyramide phosphate), please consult current complete pre- 
scribing information, a summary of which follows: Indications: For Suppression and preven- 
tion of recurrence of the following cardiac arrhythmias when they occur singly or in combina- 
tion: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
contractions of multifocal origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated 
with D.C. cardioversion). Norpace is equally effective in both digitalized and nondigitalized 
patients. It is also equally effective in treating primary cardiac arrhythmias and those which 
occur in association with organic heart disease including coronary artery disease. Oral Nor- 
pace has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in 
patients with serious ventricular ectopic activity has not been established. Contraindica- 
tions: Cardiogenic shock, preexisting second- or third-degree AV block (if no pacemaker is 
present), or known hypersensitivity to the drug. Warnings: Norpace may cause or wors- 
en congestive heart failure (CHF) or produce severe hypotension as a conse- 
ence of its negative Singin oii ir Hypotension has been observed primar- 
ly with primary cardiomyopathy or inadequately compensated CHF Norpace 
not be used in patients with uncompensated or marginally compensated 

CHF or hypotension unless the condition is secondary to cardiac arrhythmia. Pa- 
tients a history of heart failure may be treated with Norpace, but careful at- 
tention must be given to maintaining cardiac function, including optimal digitaliza- 
tion. If hypotension occurs or CHF worsens, Norpace should be discontinued and, if 
necessary, restarted at a lower dosage only after adequate cardiac compensation 
has been established. Norpace should be discontinued if significant widening 
(greater than 25%) of the QRS complex occurs. Prolongation of the Q-T interval 
corrected) and worsening of the arrhythmia may occur. Patients who have evi- 
denced prolongation of the Q-T interval in response to quinidine may be at particu- 
lar risk. If Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patient should be monitored closely, and discontinuation of Norpace consid- 
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ered. In rare instances significant hypoglycemia has been reported during Norpace 
therapy. The concomitant use of Norpace with other Type 1 amid ped agents 
Should be reserved for patients with life-threatening arrhythmias who are demon- 
strably unresponsive to single agent antiarrhythmic therapy. Such use may pro- 
duce serious negative inotropic effects, or may excessively prolong conduction. 
Patients receiving more than one antiarrhythmic vi must be carefully monitored. 
If first-degree heart block develops, the dosage of orpace should be reduced. If 
the block persists, continuation of Norpace must depend upon an assessment of 
benefit versus risk. Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless the ventricular rate 
is adequately controlled by a pacemaker. Because of its anticholinergic activity, 
Norpace should not be used in patients with glaucoma, myasthenia gravis or uri- 
nary retention, unless adequate overriding measures are taken. Precautions: Pa- 
tients with atrial flutter or fibrillation should be digitalized prior to Norpace administration to 
ensure that drug-induced enhancement of AV conduction does not allow a ventricular rate 
beyond physiologically acceptable limits. The effect of Norpace is presently uncertain in pa- 
tients with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. 
Patients with myocarditis or other cardiomyopathy may develop significant hypotension in 
response to the usual dosage of Norpace. Norpace dosage should be reduced in patients 
with impaired renal or hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting Norpace therapy Safe 
use in pregnancy has not been established. Disopyramide has been found in human fetal 
blood. Norpace has been reported to stimulate contractions of the pregnant uterus. 
Use of Norpace in pregnant women requires that the potential benefit be weighed against 
possible hazards to the fetus. Following oral administration, disopyramide has been found in 
human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
essential, an alternate method of infant feeding should be instituted. Effects of Norpace on 
the fetus during delivery or on the course of labor and delivery are unknown. Safety and ef- 
fectiveness of Norpace in children have not been established. Adverse Reactions: Dry 


“Indicated for premature ventricular contractions (PVCs)... unifocal, multifocal, 


or paired PVCs... episodes of ventricular tachvrardia 








A high percentage of digitalized patients are also 
receiving a Type 1 antiarrhythmic. In the case of quini- 
dine, concurrent administration of digoxin can result 
in an elevated serum digoxin level. Some studies have 
indicated that quinidine molecules appear to displace 
digoxin from binding sites in skeletal muscle and other 
tissues. 3 Other researchers have observed that 
quinidine may reduce the renal clearance of digoxin, 
thereby prolonging serum digoxin levels.^ In any case, 
an elevated serum digoxin level may lead to digitalis 
intoxication2* 


* Demonstrated efficacy 


e More favorable side effects 
profile than quinidine 


mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention, 
urinary frequency and urgency, impotence, nausea, pain/bloating/gas, anorexia, diarrhea, 
vomiting, nervousness, dizziness, general fatigue/muscle weakness, headache, malaise, 
aches/pains, hypotension, congestive heart failure, cardiac conduction disturbances, 
edema/weight gain, shortness of breath, syncope, chest pain, generalized rash/dermatoses, 
itching, hypokalemia, elevated cholesterol/triglycerides, depression, insomnia, dysuria, 

- numbness/tingling, elevated liver enzymes, AV block, elevated BUN, elevated creatinine, de- 
creased hemoglobin /hematocrit, and hypoglycemia. Acute psychosis, cholestatic jaundice, 
and agranulocytosis, all three reversible, have been reported. Dosage and Administration: 
Dosage must be individualized on the basis of response and tolerance. The usual adult dos- 
age is 400 to 800 mg per day given in divided doses four times daily The recommended 
dosage schedule for most adults is 150 mg every six hours. For patients less than 110 pounds 
(50 kg) the recommended dosage is 100 mg every six hours. If rapid control of arrhythmia is 
essential, an initial loading dose of 300 mg of Norpace (200 mg for patients less than 110 
pounds) is recommended. For patients with cardiomyopathy or possible cardiac decompensa- 
tion, a loading dose should not be given and the initial dose limited to 100 mg every six 
hours, with subsequent dosage adjustments made gradually with close monitoring. See cur- 
rent complete prescribing information for dosage recommendations. How Supplied: 
Capsules containing 100 mg or 150 mg of disopyramide base. 
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Norpace (disopyramide phosphate) does not appear to 
elevate serum digoxin levels when digoxin is combined 
with disopyramide in therapeutically effective doses.*.° 
Thus, for your patient receiving combined digoxin and 
Type 1 antiarrhythmic therapy with Norpace, the risk 
of digitalis intoxication is reduced, and patient monitor- 
ing and digoxin dosage adjustment are facilitated. 
Norpace...the Type 7 antiarrhythmic attuned to the 
demands of both you and your patients. Consider these 
other benefits of Norpace: 


e Lower dropout rate 
than with quinidine 


e High level of compliance 


References: 1. Hager, WD., and others: Digoxin-Quinidine Interaction: Pharmacokinetic 
Evaluation, N. Engl. J. Med 300:1238-1241, 1979. 2. Leahey, E.B., and others: Enhanced Car- 
diac Effect of Digoxin During Quinidine Treatment, Arch. Intern. Med. 139:519-521, 1979. 

3. Reiffel, J.A., and others: A Previously Unrecognized Drug Interaction Between Quinidine 
and Digoxin, Clin. Cardiol. 2:40-42, 1979. 4. Doering, W: Quinine- Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical Implications, N. Engl. J. Med. 
301:400-404, 1979. 5. Leahey, E.B., Jr, and others: Serum Digoxin Concentrations During 
Administration of Oral Antiarrhythmic Drugs, abstracted, Clin. Res. 26:602, 1978. 
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- Diagnostic 
Synergy 


Real-time plus M-mode in hard copy. 





Made possible by unique digital electronics. Making our Mark Ill an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 

and report. 
a Doctor and system interact. Segments of the study may be dealt with and 
7m perfected without disturbing the whole. Adequate data is obtainable during the first 
patient examination, saving valuable time. Serial studies are assured consistent data. 
Graphics or alphanumerics can be super-imposed. Unique with the Mark IIl, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 
from within. State-of-the-need today, the system will grow with your needs 
and new technology. It's what the world is coming to. And, more and 
more, the world is coming to ATL for advanced instrumentation. a a 
Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 
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Natural atrial flutter was discovered in a dog. Two forms of the arrhythmia 
resembling the human counterparts of typical and atypical atrial flutter 
were noted. The observations in this dog led to studies in a series of normal 
dogs in which the extrastimulus technique was used to evoke runs of re- 
petitive activity simulating but unlike true atrial flutter. Epicardial atrial 
activation maps were made from 72 to 96 bipolar complexes recorded 
during the arrhythmias. Multiple effective refractory periods were de- 
termined and these values were used to construct maps of the refractory 
period distribution. Dog 1, with true atrial flutter, demonstrated a complex 
form of circus motion characterized by unidirectional block and one-way 
conduction. Abnormal slowing of the unblocked circus wave stabilized 
and maintained the repetition by permitting more time for recovery of a 
uniform state of excitability ahead of the wave. The slow conduction in 
this dog was associated with right atrial hypoplasia and discontinuity in 
the preferential atrial conduction pathways. The circus activation patterns 
in the dogs with evoked flutter were similar to those in true flutter; how- 
ever, the cycle lengths were shorter and the circus wave conducted faster. 
In evoked flutter the regional differences in refractory period duration 
determined the one-way block and circus conduction patterns. The circus 
pattern was caused by a nonuniform bimodal refractory state of the atrium 
that simultaneously exerted a blocking effect while permitting conduction 
and complex shaping of the unblocked wave, which was routed back to 
its site of origin. Thus atrial flutter was the result of three interacting 
factors: (1) an atrial premature beat, (2) nonuniform distribution of atrial 
refractory periods, and (3) slow conduction of the circus wave initiated 
by factors 1 and 2. 


Naturally occurring atrial flutter was accidentally discovered in a dog 
without heart disease. Repeated bouts of flutter were readily provoked 
or occurred spontaneously. T'wo different forms of flutter were noted, 
and repeated provocation and termination of the arrhythmia resulted 
in one or the other of these two types, or sinus rhythm. Epicardial atrial 
activation sequence maps were recorded during both forms of atrial 
flutter and during sinus rhythm. Each type of flutter was associated with 
a distinctive electrocardiographic pattern and a unique pathway of circus 
motion activation. The electrocardiogram in type 1 flutter resembled 
the typical or common pattern recorded in human atrial flutter. Type 
2 flutter resembled a form of human atrial flutter referred to as atypical 
or uncommon. Slow conduction of the activation wave occurred in the 
same right atrial region in both forms of atrial flutter and also during 
sinus rhythm. Postmortem examination of the heart in this dog revealed 
that the basic substrate was hypoplasia and abnormal atrial muscle band 
continuity in the same right atrial region exhibiting the slow conduc- 
tion. 


June 1980 The American Journal of CARDIOLOGY Volume 45 1167 


—BOINEAU ET AL. | 


Because the structural defect in the atrium did not 
explain either the initiation of flutter or the unique 
circus movement pathways, we began a series of studies 
in normal dogs to define those initiating factors that, 
together with the slow conduction substrate, might re- 
sult in atrial flutter. Our findings suggest that primary 
atrial flutter requires the presence and interaction of 
three separate factors. Briefly these are: (1) a fixed 
structural component, identified as a discontinuity in 
right atrial conduction pathways, that results in slow 
atrial conduction, (2) a dynamic functional component 
represented by the changing nonuniform distribution 
a atrial refractory periods, and (3) the premature atrial 

eat. 


Methods 


Electrophysiologic studies: Thirty-nine mongrel dogs 
weighing 18 to 27 kg were anesthetized with pentobarbital 
sodium, 30 mg/kg. The heart was exposed through a median 
sternotomy and cradled in the pericardium. Three types of 
studies were performed: (1) an activation-anatomic correlation 
in one dog with true atrial flutter; (2) evoked atrial repetitive 
activity in 18 of 38 normal dogs with correlation between re- 
sulting reentrant pathways and the atrial refractory period 
distribution; and (3) experimentally evoked atrial flutter in 
five dogs after interruption of conduction in crista termi- 
nalis. 

In Dog 1, with spontaneous atrial flutter, 24 bipolar epi- 
cardial atrial electrograms were recorded simultaneously, 17 
from the right atrium and 7 from the left atrium. In the studies 
on evoked repetitive activity, a multielectrode template, 
shaped to cover the entire right atrium, was used to record 
multiple electrograms. This template contained 72 bipolar 
electrode pairs. Each bipolar pair was separated by a distance 
of 1 mm with a 3 mm distance between electrode pairs. In 
addition, 24 individual bipolar electrodes were used to record 
from the left atrium, superior interatrial band and other areas. 
'Twenty-four bipolar potentials were recorded simultaneously 
and rapid switching permitted successive sampling between 
each of the four sets of 24 points (96 total). 

Bipolar potentials were recorded and bipolar atrial stimuli 
were delivered to each group of 24 electrodes. A digital pulse 
generator was used to drive an isolated constant current (+1 
ma) stimulator that delivered a 2 ms pulse 1.1 times diastolic 
threshold. A series of 12 stimuli (S1) at a constant cycle length 
of 375 ms (rate 160) were delivered to individual electrode 
locations. The 12th driving stimulus (S1) was followed by a 
single premature atrial stimulus (S5). The S,-Ss interval was 
initially set at a minimum and gradually lengthened until the 
S» elicited either a propagated premature atrial beat (Rə) or 
a run of repetitive activity (Ro, Rs, R4. . . Rn). Initially both 
Sı and Ss were delivered to the same bipolar location in an 
attempt to provoke repetitive activity. If a site was found that 
consistently elicited reproducible runs of repetitive activity, 
the arrhythmia was provoked and the atrial activation po- 
tentials were recorded for each set of 24 electrodes together 
with the same bipolar reference electrogram. This pattern of 
stimulation and recording was repeated for each switch po- 
sition until all 96 points were recorded. Twenty-four simul- 
taneous bipolar electrograms and a constant reference elec- 
trogram were recorded at a band width of 40 hertz to 2 kilo- 
hertz, together with a lead II electrocardiogram. 

Atrial activation sequence maps: These were constructed 
from the multiple bipolar electrograms. Activation times were 


determined by computing the time of the peak or fastest de- 
flection of each electrogram. In Dog 1, numerous identical runs 
of true atrial flutter were recorded. In all other animals the 
extra-stimulus technique was used to initiate identical or 
closely similar runs of the evoked tachycardia. With use of 
these methods, activation sequence maps weremade for 
normal sinus conduction, driven atrial conduction (R1), atrial 
premature beats (Ro) and atrial repetitive activity (Rn). The 
point of earliest activation in both flutter and evoked repeti- 
tive activity was found by referring to that point in the first 
cycle or the premature beat of each arrhythmia. 

Working concept to explain circus motion: After con- 
struction and inspection of the activation sequence maps 
during true flutter and artificially elicited repetitive activity, 
a working concept was developed for testing to explain the 
complex circus motion. It was assumed that the premature 
beat was inhomogeneously blocked, shaped and returned to 
its origin by the particular nonuniform refractory period 
distribution. To test this concept it was necessary to compare 
maps of the particular refractory distribution established by 
S, and encountered by the premature beat (S5). Therefore 
points of premature stimulation resulting in repetitive activity 
were selected as the site for constant S, stimulation. The 
premature beats (Ss) were delivered at increasing S1-S2 in- 
tervals at all other adjacent and distant points. The effective 
refractory period was defined as the longest S,-S» interval that 
did not result in a propagated Rə. Thus the length for the re- 
fractory period at each location included the length of the 
effective refractory period plus the activation time from Sı 
to each point. The refractory period was determined in this 
way for 48 to 72 points. A map constructed from these values 
represented the refractory field encountered by the prema- 
ture beat. 

Preparation of atrial myocardium: After completion of 
the electrophysiologic studies the dogs were killed. Subse- 
quent to fixation in a solution of 10 percent formalin, the atria 
were positioned, first endocardium down, later reversed, on 
a plastic translucent platform and illuminated by a 12 volt 
high intensity light source suspended in a box below the 
platform. All transilluminated atria were photographed at 
identical exposures. Thus comparisons among different atria 
could be made by making prints from all negatives with the 
same exposure value for each heart. All processing and . 
printing of negatives were performed identically. This method 
allowed comparisons of the concentration and distribution 
of right atrial myocardium among different dogs. 


Results 


Atrial Activation Sequence and Types of 
Atrial Arrhythmias 


Figure 1 shows a posterior (left) and anterior (right) 
transilluminated view of the right atrium of a normal 
dog. Below are schematic drawings demonstrating the 
locations of important structures also identified in the 
transilluminated photographs above. Note the dense 
concentrations of myocardium organized into bands. 
These bands (crista terminalis, anterior interatrial 
band, intercaval band) are identified according to sev- 
eral anatomic sources.!-? By relating the transillumi- 
nated anatomic features to the schematic figures it is 
possible to correlate the activation sequence maps with 
the important atrial structures. Although both posterior 
and anterior views are shown here, only posterior views 
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were used to demonstrate the epicardial atrial activa- 
tion. 

Figure 2 demonstrates the epicardial atrial activa- 
tion sequence in four dogs. Panel A represents the ac- 
tivatiog sequence in the dog with spontaneous atrial 
flutter Woe 1) and panels B, C, and D demonstrate 
atrial activation in three normal dogs for comparison. 
In the latter three dogs note the normal preferential 
atrial activation pattern with rapid spread from the 
sinus nodal region to the inferior vena cava along the 
pathway of the crista terminalis. In addition, there is 
more rapid spread from the sinus node into the left 
atrium over the superior interatrial band. This non- 
uniform spread of atrial activation is consistent with the 
observations of others.4~’ 
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In the dog with flutter (map A) during sinus rhythym 
there was no evidence of rapid, preferential atrial acti- 
vation, either inferiorly along the crista terminalis or 
superiorly and leftward over the superior interatrial 
band. There was persistent slowing, as represented by 
the closely adjacent isochronous lines between 20 to 50 
ms beginning just below the superior vena cava and 
extending laterally (and anterior) to the right atrio- 
ventricular margin. The latest inferior right atrial ac- 
tivation time in this dog was 56 ms and the total atrial 
activation time 67 ms, the latest time occurring in the 
inferior left atrium. 

To describe the results and to compare our data with 
those of others, we distinguished among the three ar- 
rhythmias recorded in our studies: (1) True atrial 
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FIGURE 1. Organization of right atrial myocardium. Upper left, transilluminated photograph of the right atrium viewed posteriorly. Bottom left, schematic 
diagram of the entire atrium viewed posteriorly. Upper right, anterior transilluminated view of the right atrium. Bottom right, schematic diagram 
of the entire atrium viewed anteriorly. Note that the atrial myocardium is organized into dense bundles of compact tissue and adjacent thin, transparent 
regions of less concentrated muscle. These regions are identified both in the photograph and schematic diagrams. A-V = atrioventricular; IVC 
= inferior vena cava; LAA = left atrial appendage; RAA = right atrial appendage; SN = sinus node; SVC = superior vena cava. 
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flutter, as in Dog 1, was so designated because it closely 
simulated the rate (340 to 400/min), degree of regularity, 
stability, absence of dissociation, and electrocardio- 
graphic patterns seen in human subjects. (2) Atrial re- 
petitive activity was defined as an experimentally 
evoked arrhythmia intermediate between flutter and 
fibrillation. It shared with flutter the presence of a single 
wavefront that was considerably faster than flutter, 
manifesting rates of 550 to 750/min, greater irregularity, 
and instability typically terminating or progressing to 
atrial fibrillation. (3) Atrial fibrillation was defined as 
another artificially induced arrhythmia characterized 
by more than one wavefront with dissociation between 
electrograms recorded from adjacent electrodes, marked 
cyclic irregularity, very short cycle lengths and rates of 
600 to 1,200/min. Flutter-fibrillation was in this cate- 


gory. 


Studies by other groups have described various ex- 
perimental atrial arrhythmias with high rates (400 to 
1,200/min), variable cycle lengths or dissociation of 
activation, for example, and are referred to as atrial 
flutter. In our studies, these tachycardias corpespond 
more closely to atrial repetitive activity or m fibril- 
lation than to atrial flutter. This distinction is important 
because it is difficult to make comparisons with other 
investigations or to discuss mechanisms when different 
arrhythmias are being considered. 


Natural Atrial Flutter in Dog 1 


Typical (type 1) and atypical (type 2) flutter: 
Figure 3 illustrates 24 simultaneous atrial electrograms 
recorded during two different types of spontaneous 
atrial flutter in Dog 1. This is the same dog that mani- 
fested the abnormal atrial activation during sinus 





FIGURE 2. Comparison of abnormal and normal atrial activation during sinus rhythm. The displayed activation data can be correlated with the position 
of the major atrial muscle bundles shown in Figure 1. Isotemporal maps are used to display the sequence of atrial activation. The time key (center) 
indicates the activation time zones encompassed by each pattern. The lines between different zipatone patterns indicate the positions of the activation 
wavefront for each 10 ms instant during atrial depolarization. Map A illustrates the activation sequence for sinus rhythm in Dog 1 (with true atrial 
flutter). Maps B, C and D demonstrate sinus rhythm activation in three normal dogs. The rapid, preferential conduction inferiorly over the crista 
terminalis and superiorly over the interatrial band shown in these three maps does not appear in map A. SC = area of slow conduction. 
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rhythm shown in Figure 2. As shown in type 1 atrial 
flutter in panel A of Figure 3, the lead II electrocardio- 
gram demonstrates a typical pattern frequently ob- 
. served in the more common form of human flutter. The 

uttemwaves (F waves in the electrocardiogram) are 
charactzed by continuous undulation with a pre- 
dominant positive convexity and a brief nadir of inter- 
vening negativity. This pattern is interpreted as nega- 
tive F waves by some electrocardiographers. Also note 
the presence of characteristic 2:1 atrioventricular (A-V) 
block. In contrast, panel B shows the atypical electro- 
cardiogram in type 2 atrial flutter. Between each QRS 
complex a positive or upright F wave is present and the 
QRS complex is superimposed on the second F wave. In 
contrast to type 1 flutter, type 2 demonstrated F waves 
of shorter duration separated by intervening isoelectric 
segments. The atrial rate was 343/min in type 1 flutter 
and 397/min in type 2 flutter. 


Both types 1 and 2 atrial flutter demonstated al- 
ternation in cycle length and bipolar amplitude. Dif- 
ferent sites exhibited different durations of cycle length 
alternation, varying from a maximum to no alternation. 
Specific sites in type 1 flutter revealed differences of 20 
ms in duration of alternate cycles. In type 2, the maxi- 
mal alternation in cycle length was only 5 ms. In both 
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FIGURE 3. Atrial potentials during two 
types of spontaneous atrial flutter in 
Dog 1. Twenty-four bipolar electro- 
grams and the lead II (L2) electrocar- 
diogram are shown for types 1 and 2 in 
A and B, respectively. Atrial flutter with 
2:1 atrioventricular block is present in 
both types; however, in type 2 (B) al- 
ternate P waves are obscured by the 
QRS complex. Note the differences in 
F wave morphology in lead Il in the two 
types of atrial flutter. 
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forms of flutter the nonuniform alternation was due to 
an alternating delay in conduction located in a serpen- 
tine-shaped distribution extending from left atrial ap- 
pendage, across the anterosuperior interatrial band and 
extending downward in the right atrium lateral to the 
crista terminalis. 


Atrial activation map in type | flutter: A map of the se- 
quence of atrial excitation during typical type 1 atrial flutter, 
counterclockwise in the frontal plane, is illustrated in Figure 
4A. 'The right panel schematically emphasizes the location and 
direction of the wavefront and our conception of the probable 
reentrant pathway. One complete cycle lasted 175 ms. Exci- 
tation began between the two caval orifices. The early wave 
from 0 to 20 ms spread unevenly, propagating superiorly and 
blocking inferiorly. The wave moved rapidly into the superior 
left atrium and more slowly toward the right atrium. The left 
atrial component of excitation blocked in its inferior passage, 
along a boundary extending from its epicentric origin to the 
periphery at 40 ms. The unblocked wave demonstrated rotary 
motion as it moved through the right atrium. The angular 
rotation resembled a vortex with the slowest velocity at the 
epicenter and more rapid conduction at the periphery of the 
wave. The late wave at 170 ms, advancing leftward and su- 
periorly into the left atrium, blocked on the refractory 
boundary created by the earlier wave in the superior left 
atrium which had terminated at 40 ms (or 130 ms earlier). 
Because of the proximal relation between the regions of latest 
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excitation and earliest excitation (and recovery), reentry ap- 
peared to occur from the latest to the earliest area (large 
arrow). This pattern was repeated with each successive 
cycle. 

Atrial activation map in type 2 flutter: The sequence of 
atrial activation in atypical type 2 atrial flutter, clockwise in 





the frontal plane, is illustrated in Figure 4B. In contrast to 
type 1 flutter, the region of earliest activity began near the 
right atrial margin at the junction between the right atrial 
appendage and the body of the right atrium. Slow atrial ac- 
tivation proceeded as a nearly closed surface of asymrectt¥e =< 
activity with projections extending superiorly and#iferiorly 
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FIGURE 4. Maps of atrial activation sequence in Dog 1. A, during type 1 flutter. The activation sequence for one flutter cycle is depicted by isotemporal 
lines and progressive color zones (left). The color key below is correlated with one F wave in the surface electrocardiogram and indicates the activation 
time at each point in the atrium. The diagram to the right emphasizes the unidirectional block of the early leftward moving wavefront and slow 
propagation of the rightward and downward unblocked wave. Note the close proximity of earliest and latest regions of activation and the presumptive 
reentrant mechanism for this repeating circus motion. The T-shaped symbols indicate the boundary of block of the early and late wavefronts. B, 
during type 2 flutter. Note the differences between the pattern of atrial activation and the electrocardiogram in type 2 and type 1 flutter. In type 2, 
both the earliest and latest activation occur at adjacent points, this time at the atrioventricular margin. Note that the unblocked circus wave moves 
clockwise in type 1 and counterclockwise in type 2 flutter. From a frontal view and in relation to the electrocardiographic limb leads, type 1 flutter 
is counterclockwise and type 2 clockwise circus motion. msec — milliseconds; SC — area of slow conduction. 
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that continued for 80 msec. At that time, the inferior wave 
blocked just below and to the right of the superior vena cava. 
Also, at 80 ms the unblocked superior wavefront continued 


round the superior vena cava as the primary flutter wave 
spreatwgs into the left atrium. At 110 ms the flutter wave 
spread inm the inferior right atrium. At 130 ms the flutter 


wave, moving into the lower right atrium, encountered a re- 
fractory barrier of tissue depolarized by the earlier blocked 
wavefront. However, a portion of the flutter wave continued 
through a narrow isthmus of undepolarized myocardium, re- 
sulting in close proximity of the late wavefront and the first 
activated region, which by this time had recovered. Thus the 
wave appeared to reenter the point of origin (large arrow) and 
the process was repeated with each subsequent cycle. 

Characteristics of the flutter wave in types 1 and 2: The 
active pathway in type 1 flutter was small, located at the 
vortex center between the two venae cavae. The active path- 
way in type 2 flutter was longer around the superior vena cava 
and contiguous refractory tissue previously depolarized by the 
inferior propagating wave, which was blocked. Although the 
circus pathway was longer in type 2, the total accession time 
was shorter resulting in a shorter cycle length (151 ms) and 
faster rate (397/min) than in type 1 flutter (cycle length 175 
ms, rate 343/min). In both types of flutter, the unblocked 
component of excitation continued as the primary flutter 
wave. In type 1, the flutter wave viewed from this posterior 
position rotated through a 270? clockwise arc. In type 2, the 
flutter wave moved in a 360? counterclockwise path encircling 
a central barrier composed of both the orifice of the superior 
vena cava and contiguous, refractory right atrial myocar- 
dium. 

In type 1 flutter, wavefronts spread predominantly inferi- 
orly in the right atrium and leftward in the left atrium toward 
lead II, producing slow positive convexity in the electrocar- 
diogram. Superior spread of the flutter wave in the left atrium 
beginning at 140 ms (away from lead II) was associated with 
decreasing electrocardiographic forces. Continuous activity 
was present in the atrium with a new cycle beginning centrally 
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before termination of the preceding cycle peripherally. The 
presence of continuous activity indicates the absence of a true 
reference baseline in both forms of atrial flutter. Correlation 
of the activation pattern with the F wave in lead II in type 2 
flutter revealed that, because of the nearly closed loop of ex- 
citation from 0 to 80 ms, very little change was generated in 
the surface electrocardiogram because of maximal cancellation 
of opposing wavefronts. At 80 ms, as a result of block and 
termination of opposing activity, the remaining wavefronts 
propagating inferiorly and leftward resulted in an increasing 
positive deflection of the F wave in lead II. Thus, the F wave 
configuration in the electrocardiogram of these two forms of 
atrial flutter reflected marked differences in the two patterns 
of activation. 

Anatomic features of the atrial conduction pathways: 
Figure 5 illustrates a posterior transillumination of four atria 
viewed from the anterior aspect looking through the tricuspid 
valve and viewing the endocardium of the posterior right atrial 
wall. By referring to Figure 1 the structures can be identified. 
Because all atria were photographed and processed under 
identical conditions comparisons of the amount of transmitted 
light, the size and length of atrial conduction pathways and 
the relative continuity of each atrial pathway can be made. 
The atrium in Figure 5, panel A is that of Dog 1 with sponta- 
neous atrial flutter. The arrow indicates a region of disconti- 
nuity in the crista terminalis and this corresponds to the area 
of slow conduction during sinus rhythm and both types of 
atrial flutter (Fig. 2A and 4). Panels B, C and D in Figure 5 
show typical normal atria of the dogs for which activation 
patterns were shown in the corresponding panels in Figure 
2. 

In contrast to the normal dogs, the dog with spontaneous 
atrial flutter (Fig. 5A) demonstrated a generalized hypoplasia 
of the right atrial myocardium. This was characterized by 
extremely thin bands of atrial muscle composing the crista 
terminalis, superior interatrial band, intercaval band, and 
pectinate muscles. The crista terminalis was markedly at- 
tenuated and almost terminated before reaching the mid right 





FIGURE 5. Anatomy of atrial flutter. Four transilluminated right atria are compared. The atrial activation of these same four dogs is shown in Figure 
2. The light source is posterior and the right endocardium is viewed anteriorly. The components of the atrial myocardium can be identified referring 
to Figure 1. In A, the right atrium of Dog 1 (with true atrial flutter) is shown for comparison with that of the three normal dogs in B, C, and D. In A, 
note the generalized hypoplasia of the atrial muscle, the discontinuity between the upper crista terminalis and the intercaval band (arrow), and 


the hypoplasia of the pectinate muscles. 
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atrium at the level of intercaval muscle. The pectinate muscles 
were also small and connections with the crista were largely 
absent. The hypoplasia resulted in the presence of very little 
compact myocardium to conduct the activation in and away 
from the right atrium. 


Production of Flutter by Crista Ligation 


Attempts to produce true flutter (as previously defined) in 
normal dogs by the extrastimulus technique resulted in either 
no arrhythmia, brief runs of very rapid tachycardia (faster 
than typical flutter), or atrial fibrillation. With the exception 
of Dog 1 (with spontaneous flutter), stable atrial repetitive 
activity with cycle lengths in excess of 140 ms and electro- 
cardiographic manifestations resembling human atrial flutter 
were not encountered in any dog studied. In five dogs with 
evoked runs of repetitive activity, an attempt was made to 
produce atrial flutter by focal suture ligation of the crista 
terminalis at the level of the intercaval band. This interven- 
tion was suggested by the observations on the anatomy and 
electrophysiology of Dog 1 (with true flutter). A 4 mm width 
of atrial myocardium at the junction of the crista terminalis 
and intercaval band was ligated with a suture completely 
surrounding the crista at this location. In three of the five dogs, 
sustained atrial flutter similar to that in Dog 1 was evoked. 
Typical sustained flutter, initiated by the extrastimulus 
method after focal damage to the crista terminalis, occurred 
only in dogs exhibiting repetitive responses to a premature 
stimulus before ligation of the crista. 

During sinus rhythm in these three dogs the atrial activation 
time from the sinus node to the inferior right atrium was 


prolonged after suture ligation of the crista terminalis, and 
resembled that of Dog 1 in Figure 2A. 


Evoked Atrial Repetitive Activity 


Atrial repetitive activity was studied in 18 of 38 nor ogs 
with use of the single extrastimulus method. Chafe activity 
(that is, atrial fibrillation) was readily provoked in the ma- 
jority of animals by prolonged rapid atrial stimulation with 
cycle lengths of 50 to 80 ms. Sustained periods of regular 
tachycardia were rare, although periods of atrial fibrillation 
lasting from 30 to 180 seconds were frequent. We did not at- 
tempt to study these arrhythmias. However, it was possible 
to evoke short runs of regular repetitive activity resembling 
a rapid form of atrial flutter in 12 dogs. Compared with find- 
ings in Dog 1 with true atrial flutter and in the three dogs with 
flutter after crista ligation, cycle lengths in these 12 animals 
were of shorter duration and the atrial rates considerably 
faster. Figure 6 illustrates one group of 22 simultaneously 
recorded electrograms, a*reference electrogram and electro- 
cardiogram of 1 of the 12 dogs in which regular repetitive ac- 
tivity was repeatedly elicited. Note the rapid atrial rate and 
the short cycle lengths between beats. Initial cycle lengths 
were frequently greater than 100 ms and shortened somewhat 
with successive spontaneous cycles as shown in this figure. 

Activation sequence maps: In six dogs it was possible to 
obtain data from successive stimulations with sufficient re- 
producibility to construct both activation sequence maps 
during circus movement and maps of the refractory period 
distribution. Figure 7 demonstrates the reference electrogram 
recorded for four successive runs of repetitive activity in one 
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FIGURE 6. Evoked repetitive activity in a normal 
dog. The extrastimulus method was used to evoke 
runs of atrial repetitive activity and 22 individual 
bipolar electrograms were recorded with a ref- 
erence atrial bipolar electrogram and a lead II (L2) 
| electrocardiogram. S = the basic driving stimulus 
delivered to the atrium; S; = the premature 
stimulus; A, = the response to S4; Ag = the last 
of six repeating cycles induced by Sp. 
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of these six dogs. The last two cycles of 12 S, stimuli at a cycle 
length of 333 ms are shown and the S,-S» interval was 150 ms 
for each run. 

In Figure 8, activation sequence maps are shown for the 


ure beat and the two subsequent cycles in this same 
dog (Ro and R; of Fig. 7). The activation waves for each 
10 ms inte after the S,-S5 interval of the 150 ms are shown 


for Re, Rg and R4. The activation wave of the premature beat 
(R5) spread unevenly advancing upward from the point of 
stimulation, blocking within 4 mm from the origin at 160 ms. 
The wave blocked along an ovoid-shaped boundary near the 
center of the map (stippled area). Lateral extensions of acti- 
vation turned upward forming a U-shaped wave at 210 ms. At 
220 ms, activity moved back toward the origin propagating 
slowly into a cul-de-sac. The circuitous backward-moving 
component of the wave reached the opposite side of the 
boundary at 242 ms, where it had originally blocked at 160 ms. 
From this position it returned to the point of origin, beginning 
the next cycle (R3). The first spontaneous beat (R3) spread 
unevenly from the point of origin. The pattern of R3 spread 
resembled R» in portions of the pathway and was quite dif- 
ferent in other regions. Block occurred again superiorly but 
the boundary along which block occurred was greater during 
* Rg. Block occurred along a second boundary inferiorly as the 
R3 wave spread leftward (the lower stippled area). The un- 
blocked leftward-moving portion of the wave eventually 
spread superiorly as did the rightward-moving component. 
As these two extensions of the Ra wave moved toward the 
center and collided at 330 ms, a portion turned downward and 
moved back toward the boundary. This later downward 
component then returned to the point of origin at 332 ms, 
initiating R4. The R4 wave spread in a pattern similar to that 
of Ra. However, there were differences in details of the path- 
. way. Also, the two boundaries of block during R4 had extended 
compared with those of Rs. The third reentrant beat (R4) did 


not generate an Rs. The cycle duration around the circus path 
decreased from 93 ms for Re to 87 ms for Rg and 83 ms for R4. 
Thus, it appeared that R4 arrived too soon at the point of 
previous reentry and blocked because this area was still re- 
fractory. 


Correlation of Circus Motion With Refractory 
Period Distribution 

Repetitive activity did not correlate with either ex- 
tremes of very short and long refractory durations or 
with the percent of inhomogeneity of the refractory 
period. There was also no association between either the 
average refractory period duration or the standard de- 
viation and repetitive activity. 

Refractory period distribution map: Rather than 
the degree of refractory period inhomogeneity, it was 
the unique way in which the refractory periods were 
distributed that resulted in repetitive activity. Figure 
8 shows a map of refractory period distribution. Note 
the nonuniform distribution of refractory period char- 
acterized by adjacent regions of short and long duration. 
The areas of maximal and minimal durations were less 
than 4 mm apart and the overall distribution was bi- 
modal and asymmetric. Figure 8 (Rə) demonstrates the 
unique pattern of activation resulting from the pre- 
mature beat delivered to a region of short refractory 
period at 150 ms. Activity spread through regions of 
short refractory duration and was impeded by regions 
where the refractory period duration was longer than 
the arrival time of the wave. In this dog the wave re- 
sulting from the premature stimulus (Rə) moved bi- 
laterally around the region of longest refractory period. 
Much later, activity returned to this cul-de-sac, finally 
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FIGURE 7. Repeatedly evoked repetitive activity in a normal 
dog. Repetitive activity was repeatedly evoked at the same 
stimulus site and premature stimulus intervals (S;-S.) of 150 
ms. The bipolar reference electrogram is illustrated for each 
of four successive runs of repetitive activity. The lead Il (L2) 
electrocardiogram is shown only for the last run. A different 

set of 24 electrograms was recorded with the same refer- a E 
ence for each of the four runs. These potentials were used 

to construct the activation sequence maps of Ro, R4 and R4 

shown in Figure 8. 
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depolarizing this tissue after the end of its refractory 
period. The values for the activation times exceeded the 
durations of the refractory period at all locations. As 
recovery of excitability returned to the region of pre- 
mature stimulation, activity reentered from the nearby 
region of late depolarization at 243 ms. Thus, with re- 
turn of the unblocked wave the first reentrant cycle (R3) 
was initiated. The second reentrant cycle (R4) began at 
332 ms as the unblocked wave again returned to the site 
of initial activity and shortest refractory period. 
Comparisons between the refractory period 
maps and the maps of activation during repetitive 
activity: Such comparisons in the six dogs demon- 
strated that the circus motion was due to a complex 
blocking and shaping effect of the nonuniform refrac- 
tory field. Figure 8 demonstrates that both the location 
and timing of the premature beat in relation to the 
nonuniform refractory field were of critical importance 
in determining the occurrence of reentrant cycles. If a 
late premature stimulus was delivered to an early area 
of recovery, activation propagated uniformly with little 
irregularity or complex molding of the wave, and there 
was no circus motion or repetitive activity. Also, if an 


msec 
140-150 
150-170 
#23 170 - 200 
200- 210 





early premature stimulus was delivered to an area of late 
refractory period duration it was blocked and there was 
no response. However, an early premature stimulus 
delivered to the site of shortest refractory period in a 
region of adjacent sites of short and long rectory 
period durations would result in repetitivegffaves. 
How is the refractory field influenced by the 
activation wave? Figure 8 demonstrates that in the 
absence of abnormally slow conduction, each successive 
wave sets up a subsequently different refractory field 
that in turn changes the next activation wave, and so on. 
Thus, the particular nonuniform refractory distribution 
depended on (1) the intrinsic refractoriness at each 
point, and (2) the activation time that initiated the 
onset of the refractory period. It was the bimodal non- 
uniform distribution that resulted in the circus motion 
of the premature R» resulting from S2. Thereafter, each 
subsequent reentrant beat, R3, R4, and so on, encoun- 
tered a different, more irregular refractory field than 
had Rə. This resulted from a slightly different activation 
sequence with each cycle that altered the onset of re- 
covery at each point. Thus, in the dogs with evoked re- 
petitive activity in which there was no added impedi- 


FIGURE 8. Mechanism of circus 
motion. Upper left, a map of the 
instantaneous refractory period 
distribution (RPD) resulting from R, 
and encountered by Ro. The circled 
number, 150, indicates the site and 
timing of the atrial premature beat 
(So). The other three maps, Ro, R3 
and R4, are activation sequence 
maps constructed from 72 points. 
The values in the refractory period 
distribution map (RPD) indicate re- 
fractory period durations for indi- 
vidual sites, and the different pat- 
terns represent zones of increasing 
refractory period duration. The 
range of refractory period duration 
within each zone is indicated by the 
key below the map. In the Ro, R3 
and R4 maps, the stippled bands 
represent the position of the re- 
fractory period boundaries. Note 
that the activation wave, Ro, is 
shaped by the refractory field and 
returned late (at 242 ms) to a point 
near its origin where it initiates R3 at 
243 ms. 
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ment to slow the unblocked wave, the latter returned 
rapidly, encountering regions in earlier states of re- 
fractoriness and greater nonuniformity. This resulted 
in either (a) block and termination of the repetitive 
ac due to failure of the waves to find recovered 
paths opto them, or (b) beat to beat changes in acti- 
vation sequence that in turn produced cyclic changes 
in a nonuniform refractory field which altered the 
subsequent activation, and so forth. The overall effect 
was to produce increasing complexity, irregularity and 
dissociation (that is, fibrillation) if sustained. 

Atrial fibrillation: In contrast to the example of 
dogs with initially stable repeating cycles, other dogs 
exhibited abrupt onset of sustained irregular repetitive 
activity, that is, atrial fibrillation. Refractory period 
maps in these animals demonstrated a more compli- 
cated distribution characterized by multiple adjacent 
regions of both short and long refractory duration, or 
a multimodal refractory field. It was not possible to 
map accurately the activation sequences in these 
dogs. 


Discussion 


Both types 1 and 2 spontaneous flutter and sinus 
rhythm in Dog 1 exhibited abnormally slow conduction 
in the right atrium lateral to the superior vena cava. 
This region of the right atrium demonstrated an un- 
usual hypoplasia of the myocardial bands, especially the 
crista terminalis and pectinate muscles. From study of 
the patterns of unidirectional block and one-way con- 
duction during atrial flutter in Dog 1, we suspected that 
a nonuniform distribution of right atrial refractory 
period duration may have played a role in the initiation 
of the complex circus waves. The studies on evoked 
atrial repetitive activity in normal dogs were designed 
not to simulate naturally occurring flutter but to permit 
insight into the possible mechanisms of initiation of that 
activity. 

The repetitive activity evoked using the single ex- 
trastimulus method was unlike either clinical atrial 
flutter or the spontaneous form seen in Dog 1. The 
tachycardias resulting from artificially stimulating atrial 
premature beats exhibited short cycle lengths, usually 
100 ms or less, compared with 151 and 175 ms, respec- 
tively, in the two forms of flutter in Dog 1. The experi- 
mentally evoked tachycardias were also quite unstable 
compared with the naturally occurring forms of flutter. 
The runs were typically of short duration, reverting to 
sinus rhythm or increasingly irregular cycle lengths, 
with the rhythm progressing to atrial fibrillation. Al- 
though unlike typical flutter, these patterns were useful 
in understanding how true flutter might be initiated 
given the critical combination of conditions. 

Proposed mechanisms of atrial flutter—histor- 
ical background: The original studies of early inves- 
tigators?-16 are important milestones in progress toward 
the elucidation of the mechanisms of atrial flutter. Later 
studies! 7-?? on the experimental creation of flutter in 
the intact animal heart support the concept of circus 
rhythm and reentry as the mechanism of atrial flutter. 
With the exception of two dogs with spontaneous flutter 


reported on by Hayden et al.,?? most studies of experi- 
mental flutter are based on animal models with atrial 
lesions. Although flutter can be produced by creating 
barriers with compression and incision, the fact that it 
occurs spontaneously in the absence of these artificial 
lesions leaves the question of mechanism of the natu- 
rally occurring arrhythmia unanswered. Central ob- 
stacles or the normal openings in the atrium, such as the 
superior and inferior venae cavae, pulmonary veins and 
valve orifices have been invoked as the natural discon- 
tinuities or barriers about which the flutter wave 
moves.2! Certain concepts!9?? propose simple geometric 
substrates such as encircling connections of muscle 
strands as a requisite for circus motion and reentry. 
Others?? have suggested that the circus waves travel 
unidirectionally in preferential or specialized atrial 
pathways causing flutter. An alternate hypothesis for 
atrial flutter is based on the microelectrode observations 
demonstrating enhanced automaticity in atrial fi- 
bers,24-26 and the cinematographic studies of 
Prinzmetal et al.?7 demonstrating repeating wave mo- 
tion from a central origin. A review by Rytand?? pre- 
sents a comprehensive discussion of the theories of atrial 
flutter through 1966. 

Circus movement and reentry as basis for atrial 
flutter: The present study is an attempt to gain com- 
prehensive understanding of the interactions involved 
in this complex arrhythmia. The general concepts of 
conduction, refractoriness, block, reentry and circus 
rhythm are fundamental to the problem of atrial flutter. 
However, the lack of precise definition of these terms 
for the intact heart lessens understanding because 
oversimplified generalizations (reentry or ectopic focus, 
for example) are substituted for actual mechanisms of 
this arrhythmia. Required for understanding are exact 
explanations of conduction pathways, refractory dis- 
tributions, premature beat characteristics, space-time 
arrangements of specific factors and their critical in- 
terrelations. 

This study provides strong circumstantial evidence 
in support of circus motion and reentry as the basis of 
true atrial flutter and evoked repetitive activity as 
indicated by the following observations: (1) mimicking 
of typical and atypical atrial flutter in human beings by 
the two forms of flutter and the accompanying elec- 
trocardiographic patterns in Dog 1; (2) the similarity of 
the circus activation patterns in both true and evoked 
flutter characterized by the close proximity of early and 
late activated regions plus unidirectional block and 
one-way conduction of the repeating wave; (3) the cor- 
relation between the activation patterns in the evoked 
arrhythmias with the patterns of the nonuniform re- 
fractory field, demonstrating that the areas of block and 
conduction were determined by differences in refractory 
period duration at those locations; and (4) the initiation 
of circus-like waves in the dogs with evoked repetitive 
activity by only those premature beats delivered to the 
areas of the shortest refractory period in a nonuniform 
refractory field. The probability that these related ob- 
servations could occur in association with an ectopic 
focus causing flutter is remote. 
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The findings in type 1 flutter suggest that although 
openings such as the venae cavae may be involved, they 
are not essential to flutter. These gaps play a secondary 
role as a result of their spatial relation to the nonuni- 
form refractory field, areas of slow conduction and the 
site of the premature beat and other factors. Also, we 
found no evidence of isolated impulses traveling ex- 
clusively in preferential pathways as if insulated from 
the intervening muscle during natural or evoked flutter. 
'The major atrial muscle bundles did conduct prefer- 
entially in certain forms of evoked repetitive activity 
where they propagated the circus wave more rapidly 
than did adjacent myocardium. Although preferential 
conduction may have facilitated repetition in some cy- 
cles it was definitely inhibitory in succeeding cycles 
since the wave arrived too soon at its point of origin and 
was blocked. In contrast to facilitation of circus waves 
by preferential or specialized conduction pathways,??:29 
our data indicate that flutter is more likely to result 
from the absence or failure of rapid preferential con- 
duction. 

Initiation of repetitive activity—role of nonuni- 
form refractory period distribution: The studies of 
Moe and his associates???! are essential to the problem 
of flutter. They have shown that a premature beat en- 
countering myocardial tissue with asymmetric or non- 
uniform recovery of excitability will result in nonuni- 
form conduction characterized by block in some areas 
and conduction in other areas. Allessie et al.?? demon- 
strated, in the isolated rabbit left atrium, forms of 
reentrant circus rhythm that they mapped with multi- 
ple simultaneous electrodes. The reentrant pathways 
demonstrated by this group resembled our type 1 pat- 
tern of true flutter with vortex motion and slow acti- 
vation at the center adjacent to the site of premature 
stimulation, and more rapid activation at the periphery 
of the atrial tissue. They showed that premature stimuli 
encountered an inhomogeneous distribution of refrac- 
tory atrial tissue producing this unique molding of the 
wavefront associated with one-way block and one-way 
conduction. 

Our studies on experimental flutter in the intact heart 
confirm those of Allessie et al.?? and show that the 
particular distribution of the refractory period inter- 
acting with the specific location and timing of an atrial 
premature beat are the key variables that determine the 
initiation of a reentrant cycle characterized by unidi- 
rectional block and one-way return conduction. Most 
significant was the existence of a bimodal refractory 
field and a large refractory period gradient. The closer 
the S» site to the area of maximal gradient, the more 
likely was repetitive activity. 

There is another level of interaction that was not 
examined in our study. Two separate effects were op- 
erating to produce nonuniform conduction of the pre- 
mature atrial beat. The first, which has already been 
discussed, is the effect of the nonuniform refractory 
field encountered by the premature atrial beat. The 
second is the nonuniform conduction of a nonpremature 
beat because of the anisotropic atrial geometry. As 
shown by Spach et al.,’ asymmetric activation patterns 
also result from impulses that are delivered at slow rates 


and do not encounter refractory tissue. These investi- 
gators demonstrated a different pattern of nonuniform 
conduction associated with each atrial stimulation site. 
They concluded that the irregular atrial activation 


patterns were due to the interaction between t - 
ulus site and anisotropic effects of an irreggfar atrial 
geometry. It therefore seems likely that tfe initiation 


of circus motion depends upon the combination of a 
nonuniform refractory field, anisotropic geometry, a 
premature atrial beat, and the particular spatial and 
temporal relations of these variables. Because of the 
added effect of myocardial anisotropy, the irregular 
pathway of the premature beat does not correspond 
exactly to the distribution or pattern of the refractory 
field (Fig. 8). Also, even with a vulnerable, bimodal re- 
fractory field and a perfectly timed and located pre- 
mature atrial beat, circus motion is not assured because 
the anatomic anisotropic effects may further alter the 
conduction pattern and avert reentry. 

Flutter-fibrillation: As already noted, the first few 
cycles of evoked repetitive activity demonstrated the 
least complex degree of circus motion. The early cycles 
were characterized by continuity of single flutter waves 
with no dissociation or secondary waves. Later cycles 
and cycles during sustained repetitive activity demon- 
strated various degrees of dissociation with the ap- 
pearance of secondary wavelets. These ranged between 
one primary repeating wave that propagated to or 
controlled most of the atrium, and one or more secon- 
dary waves. These findings indicate that flutter-fibril- 
lation could be classified by the number and spatial- 
temporal continuity of repeating waves. Flutter is 
characterized by one primary consistently repeating 
wave and no secondary waves. The simplest form of fi- 
brillation was characterized by the presence of one 
primary repeating flutter wave plus one or more sec- 
ondary waves that changed cyclically. Even though 
multiple waves existed, if there was a single predomi- 
nant repeating wave, atrial activity in the surface elec- 
trocardiogram and many individual electrograms re- 
sembled those of flutter. Although the F wave pattern 
of the electrocardiogram resembled flutter, the ven- 
tricular response was irregular because impulses of the 
secondary waves were invading the atrioventricular 
node at irregular intervals. 

Figure 9 demonstrates two successive cycles during 
a run of evoked repetitive activity. Note that there was 
a predominant repeating flutter wave with reentry in 
the lower left atrium. However, with each cycle there 
were secondary wavelets that were not constant. This 
disorganization resulted from the rapid cycle time of the 
flutter wave and the inability of some atrial regions with 
longer recovery times to respond synchronously with the 
major event. This is an example of the least complex 
degree of atrial fibrillation, flutter-fibrillation. The 
range of complexity of fibrillation was quite large in 
these studies and varied between the example in Figure 
9 to multiple wavelets without a predominating re- 
peating (flutter) wave. 

In evoked atrial repetitive activity in normal dogs 
we frequently noted cycle lengths of less than 100 ms. 
However, rates as high as those observed by Allessie et 
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al.?? in isolated rabbit atrium (800 to 1,200/min), and 
also by us in evoked rhythms in the intact dog atria, 
could not be sustained in a regular pattern of flutter in 
larger atrial masses. Because of the larger dimensions 

eater overall difference in refractory durations, 
as well aythe distances away from the principal reen- 
trant circus any sustained activity was irregular. In the 
studies of Allessie et al.?? a localized event was described 
that, if embedded in the larger intact heart, may have 
been similar to ours, that is, flutter-fibrillation, or 
simply fibrillation. Another difference may have been 
a greater nonuniform effect on refractory periods pro- 
duced by an intact neurocardiac axis in our studies. 
Finally, Allessie and co-workers.?? realized that the 
short cycle lengths they observed did not approach the 
longer cycles and slower atrial rates of human flutter 
and recognized the importance of a missing factor in 
their studies, namely, slowing of the unblocked return 
wave. 

Slow conduction in atrial flutter—role of atrial 
structural milieu: In the absence of an excessively long 
pathway over which the unblocked returning wave 
propagates, slowing of this wave in some part of its cir- 
cuit must take place so that enough time elapses for the 
tissue to be reentered to recover from its previous ex- 
citation. A certain degree of slowing is inherent as the 
premature wavefront encounters partially refractory 
tissue. However, this factor alone is not sufficient to 
explain the longer cycle lengths and slower rates en- 
countered in human flutter. Some other factor is re- 
quired for additional slowing of the repeating wave, 
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which allows time for the receiving tissue to recover 
evenly and to propagate the return wavefront smoothly, 
resulting in a sustained rhythm with a high degree of 
stability and regularity. 

Because each of the abnormalities—the atrial muscle 
discontinuity, slow atrial conduction and the occurrence 
of true atrial flutter—is individually unique for a dog, 
their coexistence in Dog 1 strongly suggests a causal 
relation. Add to this unique combination the experi- 
mental production of flutter in certain normal dogs after 
crista ligation, and it becomes possible to conclude that 
hypoplasia of right atrial myocardium with discon- 
tinuities of the crista terminalis and superior interatrial 
band was the basic substrate for atrial flutter in that 
animal. Perhaps this concept can be extended to explain 
flutter in patients with atrial band discontinuity that 
is developmental or acquired as a result of myocardial 
disease, dilatation or critically located surgical incisions. 
In contrast to the ventricles, the atria have a structural 
milieu more conducive to the development of tachy- 
cardias. Major discontinuities such as the superior vena 
cava, inferior vena cava and pulmonary veins, plus the 
arrangement of myocardium in compact bands with 
intervening transparent spaces, and also the thin two- 
dimensional structure, combine to render the atrium 
geometrically vulnerable to both slow and nonuniform 
conduction. Although the organization of the ventric- 
ular endocardium is of similar complexity, the addi- 
tional dimension provided by thick, compact outer walls 
plus the rapid synchronizing effect of a uniformly con- 
ducting endocardial Purkinje system operate to provide 


170 


FIGURE 9. Atrial flutter-fibrillation. Two successive cycles (A and B) during the middle of a run of atrial repetitive activity are shown. The site of 
the initiating atrial premature beat and origin of the two successive waves are indicated by the large arrows. The T-shaped symbols represent the 
boundaries of block. Note that the flutter wave propagates superiorly and to the right and blocks inferiorly. One late region of activation, 91 ms 
in cycle A and 192 ms in cycle B, terminates in a refractory cul-de-sac. A second late region, 101 ms in cycle A, initiates cycle B. Atrial activity 
consists of one dominant repeating wave and erratic dissociated waves at 50 ms in A and 170 ms in B which depolarize the lower right atrium. 
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paths around and to avoid obstacles to conduction. 
Finally, in Dog 1 the slow conduction substrate alone, 
apart from nonuniform recovery, may have been a factor 
causing unidirectional block of an ectopic impulse and 
initiation of the circus wave. It is also possible that su- 
perposition of a nonuniform refractory state plus the 
added slow conduction in the area of the anatomic de- 
fect combined to decrement and block the propagation 
of early wavefronts encountering that region. We were 
not able to define the relative role or roles of these two 
factors in establishing the circus wave in Dog 1. 
Clinical implications: This study indicates that 
atrial flutter results from the presence of an anatomic 
substrate interacting with dynamic functional compo- 
nents. The three primary factors are: (1) a structural 
discontinuity in atrial muscle bands resulting in slow 
propagation; (2) a nonuniform refractory field charac- 
terized by a bimodal distribution and close proximity 
of the regions of longest and shortest refractory period; 
and (3) premature atrial beats of precise location and 
timing in relation to the refractory field. Factors 2 and 
3 are responsible for the initiation of repetitive activity. 
Factor 1 determines that the activity will be flutter if 
initiated. The potential for flutter resides in the exis- 
tence of factor 1, which may be congenital or acquired. 
The paroxysmal nature of atrial flutter is related to the 
changing nature of factors 2 and 3, which are extremely 
labile and influenced by multiple secondary and tertiary 
factors. Many of these indirect factors commonly as- 


sociated with clinical atrial flutter produce their in- 
consistent effects through the final common pathway 
of the autonomic nervous system, which directly 
modifies atrial refractory period distribution and the 
frequency of atrial premature beats. 

If these observations apply to human atyyti flutter 
then the basic defect is an abnormality in Éropagation. 
This propagation abnormality, due to either develop- 
mental hypoplasia or an acquired discontinuity of atrial 
conduction pathways, would remain silent until the 
coincidence of conditions optimal for flutter occurred. 
'The conditions would become optimal in a patient with 
slow atrial conduction only after a particular distribu- 
tion of the refractory field developed. The occurrence 
of the arrhythmia would result from the spontaneous 
and unpredictable changes in the refractory period 
distribution, as well as changes in the frequency, timing 
and site of origin of premature beats. A decrease in the 
number of atrial premature beats would statistically 
decrease the probability of a particular premature beat 
occurring at the optimal site and time to induce atrial 
flutter. Thus, any change in state in these two dynamic 
factors would affect the incidence of atrial flutter. 
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Reflex heart block was studied in 20 dogs anesthetized with sodium 
pentobarbital and in 5 trained unanesthetized dogs. Three different vagal 
reflexes were produced: the Marey response during hypertension caused 
by administering methoxamine, a cardiogenic hypertensive chemoreflex 
activated by injection of serotonin into the left atrium and the Hering- 
Breuer reflex observed during normal respiration of unanesthetized dogs. 
In every dog during any of the three reflexes heart block was consistently 
observed after the normal slowing response of the sinus node had been 
selectively eliminated by the direct perfusion of 10 ug of atropine into the 
sinus node artery. This was a uniform response despite its being variously 
produced by a pressor reflex, a chemoreflex or an extracardiac bron- 
chopulmonary reflex. Transient heart block is therefore to be anticipated 
during reflexes with vagal efferent components if for any reason the sinus 
node is incapable of slowing suitably. The possible clinical relevance of 
these experimental observations is discussed. 


Stimulation of vagal reflexes is widely used clinically in treating par- 
oxysmal tachycardia. In addition to exerting its well known effect on the 
sinus node, the vagus also influences atrial repolarization,! atrial con- 
tractility? and both the rate of impulse formation and speed of atrio- 
ventricular (A-V) conduction within the A-V junctional region.? In 
previous studies* we have demonstrated that both sinus rhythm and 
especially A-V junctional rhythm are normally dependent on intact 
adrenergic neural input for optimal function. Vagal reflex suppression 
of A-V junctional automaticity is just as profound as its more familiar 
influence on the sinus node; however, suitable experimental studies of 
the former are more complex than those of the latter. For example, 
crushing or excising the sinus node in order to produce sustained A-V 
junctional rhythm may also destroy or at least impair vagal innervation 
to the heart. By selective perfusion of the sinus node through its own 
nutrient artery,” it is possible to excite or suppress the sinus node alone 
without injuring it or its nerves. 

For most spontaneously occurring vagal reflexes, the efferent discharge 
will simultaneously influence the sinus node and the A-V junction of the 
heart as well as the peripheral vessels and certain extracardiac structures, 
such as the bronchi. Within the heart one thus sees concomitant 
bradycardia and impairment of A-V conduction, but it is the bradycardia 
that usually predominates. This happens partly because normal A-V 
conduction can still occur if the sinus rate slows sufficiently, but would 
fail (either intermittently, as partial heart block, or more severely) if the 
sinus rate were not concomitantly depressed. The specific vagal influence 
on A-V conduction can readily be assessed by selective blockade of the 
sinus node from vagal influence, if atropine is perfused directly through 
the sinus node artery in concentrations insufficient to have any systemic 
or distant effect on recirculation. We have conducted such experiments 
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(25 mm/s) from the right atrium of an anesthetized dog 
before and after the intravenous (l-V) administration 
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of methoxamine (MTX), demonstrate Marey reflex 
bradycardia. After 10 ug of atropine (ATR) had been 
selectively perfused into the sinus node artery (SNA), 
there was only reflex heart block and no sinus slow- 
ing. The second to fourth strips are a continuous re- 
cording. 


with observations on the reflex events when they were 
elicited by acute hypertension (the Marey reflex), by a 
cardiogenic hypertensive chemoreflex? that has both 
vagal and sympathetic efferent components or by the 
normal Hering-Breuer reflex. This is a report of our 
findings with discussion of their possible clinical rele- 
vance. 


Methods 


Experimental preparation: Twenty-five dogs were 
subjects of the study. Ten of these were used in experiments 
with the Marey reflex, and 10 with the cardiogenic hyper- 
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FIGURE 2. Polygraph illustrating the nature of the heart 
block during the Marey reflex produced in another dog. 
Wenckebach periods alternate with higher grades of heart 
block. Recording channels from above down represent 
bipolar electrograms from sinus node (SN), His bundle 
region (His) and right ventricle (RV), aortic pressure (Ao) 
scaled in mm Hg and surface lead Il. Paper speed is in- 
dicated by reference bar. 
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tensive chemoreflex; all of these 20 dogs were anesthetized 
with intravenous sodium pentobarbital (30 mg/kg body 
weight) and then ventilated with room air. After thoracotomy, 
the sinus node artery was cannulated for selective perfusion. 
Arterial blood pressure, heart rate and suitable electrocardi- 
ograms or electrograms were recorded as specifically indicated. 
Acute hypertension (and the Marey reflex) was produced by 
the intravenous administration of methoxamine hydrochlo- 
ride (0.5 to 1.0 mg/kg). The cardiogenic hypertensive che- 
moreflex studied previously by us?? is produced by the ad- 
ministration of serotonin (5-hydroxytryptamine), 10 to 20 
ug/kg into the left atrium. After control observations, either 
1 or 2 ml of atropine sulfate (1 to 10 ug/ml) was selectively 
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FIGURE 3. Same dog as in Figure 2. The adminis- 
tration of atropine intravenously eliminates the Marey 
reflex heart block. In this record a tachogram is in- 
cluded (HR), with the represented ventricular rate 
scaled in beats/min; note the periodic variation of rate 
during the phasic heart block and its regularization 
after atropine (ATR). The mid portion of aortic (Ao) 
pressure recorded at slow speed was temporarily 
switched to the averaging rather than pulsatile mode. 
Other abbreviations as in Figure 2. 








p IE E HD | 

LL ERIT T EI E 

PEARL A DL TL And 
MERE E ! 
















LH TT LUE SERE 
LLLI Lud MER one ON. LIU 
LE Sg IT I D ETT 
HIT ET DID DE 
2 ml 
pil al a -HH ERT FE: 
u LIT il! H Wit 
ie T AALAN AN JA Mni 
ad T PT ud indir M af dan 
a EHN AR EEH P A a n D E wm 
Ru EST T T. TH 
Fil | OE a ae 
ELA AR eT) alt LA n] i 
et d d v diia id nas ma hidan visi 
Popp gi FIGURE 4. Continuous strips of lead Il electrocardiogram 
^ (upper record) illustrate the sinus bradycardia produced 
N ETT TIE S at the onset of the cardiogenic hypertensive chemoreflex. 
xps fo d | d The time of injection of serotonin (STN) is marked by a 
|I ILE EE PEE FE RSS OP RM DP ERE | 
T FR nH E Hn eae oe S [I MI I Ert: a geod HH T4 horizontal bar and the onset of bradycardia by an as- 
ar LATI TRI TIAM TITIITI UR [URINE PUN VERSES UNE. terisk. After atropine (ATR) was selectively administered 
PTS i ts ln ns Sep ns srt ts etl cst tl lt a a | i hmr itan ma itid ; P y 
SEER ee tat eae | TE T-] es | HH + EE BB D into the sinus node artery (SNA) (lower record), instead 
ERAR a E at asterisk) followed by tranelent atrial fiorilation (rsen 
Lu | | | ie rial fibrillation (seen 
ae augue SU TN BI ME Bw. adn r ; e Ard between the two open arrows). During the atrial fibrilla- 


tion the ventricular response is initially slow, commen- 
surate with continuation of the reflex heart block. The 
heart block then wanes at just about the time sinus rhythm 
spontaneously resumes. 
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perfused into the sinus node artery from a hand syringe within 
about 5 seconds. The diluent was Ringer's solution and control 
«injections of diluent alone were routinely conducted. 

Stüdies in awake dogs: Five dogs were especially prepared 
for studies å the awake state. The preparation was conducted 
with the a Wal under anesthesia, as just indicated, with 
cannulas placed in the sinus node artery and the aorta for 
long-term experiments, as previously described.? Close bipolar 
electrodes were sewn to the right ventricular epicardium. 
These trained and awake dogs had surface lead electrodes 
attached at the time of periodic subsequent study, but were 
not otherwise restrained. 


Results 


Marey reflex heart block: Concentrations of 
methoxamine sufficient to increase central aortic 
pressure by at least 50 mm Hg resulted consistently in 
sinus bradycardia (but no heart block) that lasted for 
variable periods of time, depending on the duration of 
the hypertension. In each of the 10 dogs after the ad- 
ministration of atropine into the sinus node artery there 
was no longer any sinus slowing, but various degrees of 
heart block were observed (Fig. 1 and 2). The duration 
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of the heart block was comparable with the duration of 
the control period of reflex bradycardia. In every dog 
both the bradycardia and the reflex heart block were 
eliminated by the intravenous administration of atro- 
pine, 1 mg/kg (Fig. 3). 

Cardiogenic hypertensive chemoreflex heart 
block: Serotonin administered into the left atrium 
causes an approximate doubling of central aortic pres- 
sure within about 5 seconds.?? The afferent component 
of this reflex courses within the vagus nerves,?? but the 
efferent component causes both vagal and sympathetic 
effects in the heart. These components can be separated 
or unmasked by the appropriate selective administra- 
tion of autonomic blocking agents.’ In control responses 
there is regularly an intense but very brief period of 
sinus bradycardia lasting a few seconds, followed by 
different chronotropic responses in different dogs; in 
some there is sustained sinus bradycardia for 10 to 30 
seconds, whereas in others there is a transient (several 
seconds) period of atrial fibrillation. That there is 
concomitant vagal and sympathetic influence on the 
A-V junction, in which the vagal influence normally 
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predominates, can be demonstrated by the selective 
perfusion of atropine through the sinus node artery. 
After this discrete local vagal blockade of the sinus node 
with atropine, the reflex causes no sinus bradycardia but 
regularly produces heart block (Fig. 4). After atropine 
has been injected into the sinus node, atrial fibrillation 
still develops in some dogs during the chemoreflex, 
which is understandable because some portions of the 
atria remain responsive to the vagus nerves (atropine 
was delivered only to the region supplied by the sinus 
node artery) and sympathetic influence on the atria has 
remained intact. During such atrial fibrillation, the rate 
of ventricular response is initially very slow and grad- 
ually accelerates, reflecting again the period of transient 
heart block due to vagal reflex effect on the A-V junc- 
tion. 

Hering-Breuer reflex heart block: Awake dogs 
normally have wide swings in heart rate, coinciding with 
normal ventilatory effort and due at least in part to 
activity of the Hering-Breuer reflex. After atropine was 
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selectively administered into the sinus node artery of 
five trained unanesthetized dogs, phasic heart block 
occurred in every dog and there was no longer, any - 
phasic sinus bradycardia (Fig. 5). In three of these five 
dogs the cardiogenic hypertensive chemgfeflex was 
produced by administering serotonin into the left atri- 
um before and after selective perfusion of the sinus node 
with atropine. Before atropine was given, there was only 
the intensification of phasic sinus bradycardia in these 
awake dogs during the reflex. After administration of 
atropine, the phasic heart block of the Hering-Breuer 
reflex was augmented into prolonged heart block in- 
dependent of ventilation (Fig. 6). 


Discussion 


Mechanisms of reflex heart block: Three different 
reflexes that cause vagal efferent discharge were altered 
by selective muscarinic blockade of the sinus node with 
atropine, and each time reflex heart block was produced. 











FIGURE 6. Same dog as in Figure 5. Electro- 
physiologic response during the cardiogenic hy- 
pertensive chemoreflex in an awake dog before 
(above) and after (below) selective vagal blockade 
of the sinus node by injection of atropine (ATR) into 
the sinus node artery (SNA). The phasic sinus 








bradycardia of the awake dog was intensified into 
prolonged sinus pauses (above), but the same 
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gins even before the aortic pressure increases, 
and then is due to the chemoreflex itself and is not 
a Marey response. STN - serotonin injected into 
the left atrium. Other abbreviations as in Figure 
5. 
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Although a very large number and variety of reflexes 
could have been examined, these three represent a 
. spectrum characterized by one baroreflex (acute hy- 
pertension and the Marey response), one chemoreflex 
(elicited byyerotonin activation of a cardiac chemore- 
ceptor) and one bronchopulmonary reflex (Hering- 
Breuer), which normally operates in the awake state. 
Thus, we can infer that reflex heart block is probably 
characteristic of any vagal reflex if the sinus node is 
unable to respond with its usual slowing. 

Elimination of the sinus-slowing component is not 
simply a passive contributor to the reflex heart block. 
In the cardiogenic hypertensive chemoreflex, for ex- 
ample, elimination of the sinus slowing also unmasks 
the simultaneous sympathetic neural influence on the 
sinus node and there is even some sinus acceleration,’ 
which would itself compound the failure of the A-V 
junction to transmit the sinus impulse. However, with 
the methoxamine-induced hypertension this was not 
a factor since neither the hypertension nor the 
methoxamine itself had any positive chronotropic effect 
and sinus rate remained constant during the reflex heart 
block. The vagal component of the chemoreflex we 
studied is augmented by the abrupt increase in central 
aortic pressure, so that some of this vagal effect is also 
a Marey phenomenon; however, if the hypertension is 
prevented by the administration of phentolamine, the 
vagal efferent activation still occurs and is an integral 
component of the chemoreflex.’ Furthermore, activa- 
tion of the Bezold-Jarisch reflex with either serotonin’ 
or nicotine!? causes heart block if the sinus node has 
been selectively perfused with atropine, and in that 
cardiogenic depressor chemoreflex there is a decrease 
rather than an increase in aortic pressure. Finally, the 
reflex heart block during the cardiogenic hypertensive 
chemoreflex actually began before the onset of the in- 
crease in aortic pressure (Fig. 6). 

Whereas the right vagus nerve especially influences 
the sinus node and the left vagus nerve the A-V junc- 
tion, there is considerable variability in this lateraliza- 
tion from one animal to another, and it is impossible to 
predict how much selectivity of this type functions 
under normal circumstances. Similarly, there is evi- 
dence that chronic elimination of one vagus nerve in the 
dog is followed by virtually full assumption of that effect 
by the other vagus nerve!!; how rapidly this can occur 
and whether a minimal period of time is required is 
uncertain. In our experiments it was not possible for 
such cross effect to occur because the local muscarinic 
blockade in the sinus node eliminated local response 
there to either vagus nerve. However, if a cross effect can 
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be facilitated in one region of the heart when vagal in- 
fluence is eliminated from another region, then blocking 
the sinus node response could conceivably result in a 
form of recruitment of vagal effect in the A-V junction. 
This speculative possibility merits further study. 

Clinical implications: It is well known that syncopal 
attacks in human beings are sometimes the result of 
transient heart block. What the present experiments 
demonstrate is how readily heart block becomes mani- 
fest if the sinus node cannot respond normally by 
slowing. In human subjects the sinus node's vagal re- 
sponse is diminished during cardiac failure and also 
becomes progressively impaired with increasing age.!* 
Many systemic diseases have profound influence on 
autonomic neural function, familiar examples being 
diabetes mellitus and Chagas' disease. Some forms of 
cardiac ganglionitis and neuropathy seem to have a 
special affinity for the sinus node and have been ob- 
served in a variety of examples of sudden unexpected 
death.1?.14 

Whether a human subject would become symptom- 
atic during a brief period of reflex heart block depends 
on several factors, including whether there is normal 
ventricular contractile performance, whether there is 
anemia, and whether peripheral vascular control and 
its appropriate adjustment are normal. Although it is 
doubtful that a few seconds of heart block would have 
serious consequences in healthy youth, they could have 
devastating or even lethal effect given the coexistence 
of certain cardiac disease such as recent myocardial 
infarction. Reflex heart block is a dramatic example of 
cardiac electrical instability, and if it happens in the 
presence of still other unstabilizing influences, then 
electrical chaos may ensue. Even without the production 
of dangerous cardiac electrical instability, the more 
prolonged examples of reflex heart block could cause 
syncope simply by temporarily stopping ventricular 
contraction and leading to transient hypotension and 
cerebral hypoxia. 

Finally, some of the classic electrocardiographic 
definitions of heart block are based on phasic or sus- 
tained vagal influence and its normally concomitant 
effects on the sinus node and the A-V junction. Dropped 
beats may be the expression of reflex heart block when 
the sinus node is effectively denervated by disease or by 
the normal aging process. Paradoxically, the same 
augmented (or unmasked) vagal reflex that appears as 
transient heart block may also be responsible for the 
failure of a suitable escape rhythm to emerge because 
the usual A-V junctional escape rhythm is just as sen- 
sitive to vagal suppression as is the sinus node. 
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Because magnesium (Mg* *) has been shown to promote maintenance 
of a negative resting potential it might oppose the depolarizing effect of 
potassium (K+) in cardiac cells. To test this hypothesis the electrocar- 
diographic changes that occur during hyperkalemia were prospectively 
studied in 11 patients, 4 of whom had hypermagnesemia. Action potential 
studies were carried out in single atrial and ventricular cells isolated from 
11 canine hearts using similar extracellular concentrations of Mg ^ *, and 
K*, to elucidate further the relative effects of these cations. Hyperkalemia 
was associated with a marked reduction in P wave amplitude and marked 
prolongation of the QRS complex. However, normal P waves and normal 
QRS durations were recorded in hyperkalemic patients with excess Mg** 
(2.5 mEq/liter or more). Mg++ also antagonized some effects of K* in 
the isolated atrial and ventricular tissues. With elevated levels of [Mg++] 
the K *-induced depolarization of the resting potential was less than half 
as much as when [Mg++] was normal (9 versus 21 mV in ventricular cells 
and 18 versus 40 mV in atrial cells). Furthermore, the fall in linear con- 
duction velocity that accompanied elevated [K+] levels in ventricular cells 
failed to occur when the level of [Mg++] was high. Mgt *-K* antagonism 
helps to explain the preservation of a normal P wave because the onset 
of K+ effects in isolated atrial cells was delayed when [Mg++] was high 
and action potential amplitude was improved. It is concluded that the heart 
cells of patients with high serum levels of [Mg++] were less sensitive to 
an increase in [K*] than were those of patients with lower [Mg++] and, 
accordingly, that Mg++ attenuated the electrophysiologic response to 
elevated [K+]. 


Elevated extracellular potassium ion concentration ([K*],) produces 
electrophysiologic changes in the myocardial cell that are detrimental 
to cardiac function.? Hyperkalemic manifestations in the electrocar- 
diogram include slowing of intraatrial and intraventricular conduction, 
which causes an increase in the duration of the P wave and the QRS 
complex,’ but a decrease in the P wave amplitude.‘ At the cellular level 
increased [K+], has long been known to change action potentials so that 
these have typically low amplitudes, slow upstrokes and short durations; 
resting transmembrane potential is markedly less negative.? 

These changes in the electrocardiogram are not always observed in 
patients with hyperkalemia. In fact, we have found the electrocardiogram 
to be normal in a number of patients with very high serum levels of [K+]. 
These patients had in common normal concentrations of all serum 
electrolytes except for Mg++, which was unusually high. Elevation of 
extracellular magnesium concentration ([Mg**],) has recently been 
shown to produce a more negative resting transmembrane potential in 
some ventricular cells.” Because this action is opposite to that of elevated 
[K*],, a potential antagonism exists between the effects of K+, and 
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Mg**,. In this study we measured action potentials in 
canine heart cells exposed to concentrations of the two 
cations comparable with those observed in the patients. 
We found that some of the characteristic K*-induced 
changes in transmembrane potential failed to develop 
fully when the concentration of [Mg**] was elevated. 


Methods 
Clinical Studies 


Patients: During a 1 year period adult patients admitted 
to the University of Alabama Hospital with hyperkalemia 
were entered into this prospective study if the following cri- 
teria were met: an electrocardiogram showing sinus rhythm; 
serum electrolyte analysis performed prior to any medical 
treatment; and a normal ionized serum calcium concentration. 
Potassium was analyzed by the flame spectrophotometric 
method and magnesium and calcium by the colorimetric 
method. All patients had duplicate measurements of potas- 
sium and magnesium. Patients were considered hyperkalemic 
if serum potassium concentration [K*] was more than 6.5 
mEq/liter. Two groups of hyperkalemic patients were selected 
for electrocardiographic analysis: (1) seven patients with 
normal serum magnesium concentration [Mg**] (up to 2.5 
mEdq/liter), and (2) four patients with hypermagnesemia 
(serum [Mg++] greater than 2.5 mEg/liter). 

Electrocardiographic measurements: Two electrocar- 
diograms were obtained from each patient: one during a period 
when the serum electrolyte levels were normal and the other 
when serum magnesium or serum potassium levels, or both, 
were elevated. P and T wave amplitudes were measured from 
the lower margin of the isoelectric line (T-P segment) to the 
lower margin of the peak of the respective wave with the aid 
of a magnifying glass and attached reticle scale, which was 
calibrated in 10 ms and 0.25 mm. P and T wave durations were 


measured as the interval between the first deviation from the 
isoelectric line and the point of return to the isoelectric line. 
P wave measurements were made in the bipolar limb lead in 
which their amplitude was greatest (always either lead I or 
lead II). T wave measurements were made in the precordial 
lead in which their amplitude was greatest (always either lead 
V2 or lead V3). All other measurements were made according 
to conventional practice. The Q-T interval corrected for heart 
rate (Q-Tc) was also derived conventionally by dividing the 
measured Q-T interval by the square root of the R-R interval 
(in seconds). All electrocardiographic measurements were 
made without knowledge of the serum electrolyte values. 


Canine Cardiac Tissue 


Ventricular muscle: Ventricular septal muscle strips 
measuring 2 by 5 mm were excised from the hearts of six 
mongrel dogs. All dogs in this study weighed 15 + 5 kg and had 
been anesthetized with sodium pentobarbital (30 mg/kg body 
weight, intravenously). The tissue was anchored with pins in 
a 3 ml wax-bottomed plexiglass chamber and superfused at 
a constant rate of 25 ml/min with physiologic solution con- 
taining (in mEg/liter) 145 sodium (Na*), 4.2 potassium (K*), 
2.54 calcium (Ca**), 1.70 magnesium (Mg**), 124 chlorine 
(C17), 1.70 sulfate (SO47), 2.40 dihydrogen phosphate 
(H3PO,7), 25 bicarbonate (HCO3~), and 5.6 mmol/liter dex- 
trose; PO? exceeded 500 mm Hg, pH was 7.4 and the temper- 
ature was maintained at 36 + 1? C. Test solutions were made 
by increasing the potassium chloride (KCl) to 8.4 mEg/liter 
(high [K*]) and the magnesium sulfate (MgSO,) from 1.70 to 
6.8 mEg/liter (high [Mg**]). 

Ventricular muscle cells were stimulated with a Grass S4 
instrument in combination with an SIUS isolation unit and 
CCU 1A constant current unit. Rectangular stimulus pulses 
of 3 ms duration at a rate of 30 times/min were delivered 
through two silver wires 2 mm apart and adjusted to be as 





TABLE ! 
Electrocardiographic Changes in Seven Patients During Episode of Hyperkalemia 
[K*] [Mg**] P amp T amp P-Q QRS Q-Tc 
Case (mEq/liter) (mEq/liter) (mm) (mm) (ms) (ms) (ms) 
1 
Normal 4.6 1.8 1.0 6.0 150 70 422 
Episode 8.8 2.0 0.25 22.0 170 120 514 
2 
Normal 3.9 2.2 L5 2.0 150 75 463 
Episode 8.3 1.9 0.75 1.75 150 90 430 
3 
Normal 4.5 1.8 1.75 1.0 140 80 527 
Episode 7.2 1.8 0.5 1.5 100 140 412 
4 
Normal 4.9 2.0 2.0 8.1 140 60 442 
Episode 8.0 1.6 0.25 6.2 160 120 502 
5 
Normal 4.2 1.6 1.8 4.0 140 70 440 
Episode 7.8 1.8 0.25 6.5 160 120 480 
6 
Normal 3.6 1.5 2.0 6.0 120 60 443 
Episode 7.4 1,2 0.5 10.0 160 110 491 
7 
Normal 3.8 1.9 2.0 4.0 150 80 450 
Episode 75.5 2.0 0.25 16.0 170 140 480 
Mean + SD 
Normal 4.2 1.8 1.7 4.0 141 71 455 
+ 0:5 + 0.2 +0.4 + 1.9 + 11 + 8 + 34 
Episode 7.9 1.8 0.4 9.1 153 120 473 
+ 0.6 + 0.2 + 0.2 + 7.6 + 24 + 17 + 38 
p value* <0.001 NS <0.001 NS NS <0.001 NS 


* p (probability) values refer to Student's paired t test comparing measurements during control period and during episode of hyperkalemia. 
Amp = amplitude; NS = not significant. 
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close to the threshold current as possible. Transmembrane 
potentials were recorded by microelectrode techniques pre- 
viously reported.?? 

Atrial tissue: Right atria were removed from seven addi- 
tional dog hearts and the sinus node arteries were cannulated 
for perfusiongvith the solutions just described. The prepara- 
tive technique has been completely described elsewhere.? In 
half of the experiments the elevated [K*] solution was tested 
first and in the other half the elevated [K+] and [Mg++] so- 
lution was tested first. Recovery from each was complete with 
the former requiring 10 minutes and the latter requiring 60 
+ 30 minutes, as observed with Mg++ in previous studies.” The 
atria were allowed to beat spontaneously under the drive of 
their own sinus nodes unless sinoatrial block occurred (for 
example with high [K*]), in which case they were paced at 120 
beats/min. Each beat was represented by a contraction, which 
was recorded through a displacement transducer (compliance 
— 0.3 mm/g) constructed for this purpose by Andrew Spear 
of our Cardiovascular Electronics Laboratory. These twitches 
were registered on a Hewlett-Packard 7754A chart recorder. 
A simultaneous bipolar surface electrogram from the right 
atrial appendage was displayed on a separate channel of the 
recorder. 

Action potential measurements: The resting trans- 
membrane potential (mV), action potential duration APD»o 
and APDso (the transmembrane potentials at 20 and 80 per- 
cent repolarization, respectively) in ms, and maximal upstroke 
velocity (V/s) were measured from stored oscilloscopic trac- 
ings. Conduction velocity was estimated from the time be- 
tween stimulus spike and beginning of the action potential 
upstroke; absolute conduction velocity measurements such 
as these are subject to varied interpretations, but changes in 
conduction velocity can be reliably detected. The distance 
from stimulating electrode to microelectrode was measured 
with an ocular reticle calibrated in 100 u divisions. 

Statistical analysis was performed using Student's paired 
and unpaired ż test. Differences are reported as significant if 
the p value was less than 0.05. All numerical results are ex- 
pressed as mean + 1 standard deviation (SD). 


Results 


Changes in the human electrocardiogram pro- 
duced by increased serum [K+] (Table I and Fig, 1 
A and B): A significant (76 percent) diminution of the 
P wave amplitude and significant (70 percent) prolon- 
gation of the QRS duration occurred in the seven pa- 
tients when serum [K*] was greater than 6.5 mEg/liter. 
The QRS electrical axis was not significantly (p = 0.1) 
altered in these patients and no electrocardiogram had 
evidence of preexcitation or intraventricular block, 
which might otherwise explain these changes. The mean 
T wave amplitude was not significantly increased, al- 
though it did increase in six of the seven patients during 
hyperkalemia. Only three of the seven patients (Cases 
1, 6 and 7) had peaked T waves (greater than 10 mm). 
'The mean P-Q interval was not significantly increased, 
although it increased slightly in five of the seven pa- 
tients. The Q-Tc interval was not significantly changed. 
'The ionized calcium concentrations were found to be 
unaltered during the hyperkalemic period. 

Changes in the human electrocardiogram pro- 
duced by increased serum [K+] when serum [Mg++] 
was high (Table II and Fig. 1, C and D: Elevated 
serum [K*] in the presence of high serum levels of 
[Mg++] produced no change in P wave amplitude or 
QRS duration. This is in contrast to the diminished P 
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wave amplitude and prolongation of the QRS complex 
seen when serum [Mg++] was normal (Table I). T wave 
amplitude increased in three of the four patients when 
serum [K+] was elevated in the presence of high serum 
[Mg++], but none of the T waves were peaked (greater 
than 10 mm). The P-Q interval increased 8 percent (p 
<0.01), but the Q- Tc interval was not changed. No sig- 
nificant difference was found when the serum [K*] 
concentration of the patients listed in Table I is com- 
pared with that of the patients in Table II during hy- 
perkalemia. Despite extensive review in these four pa- 
tients we have been unable to find electrocardiographic 
abnormalities during hyperkalemia when serum [Mg++] 
was also elevated. 

Electrophysiologic effects of increased [K*], and 
[Mg**], on canine atrial cells (Table III): Perfusion 
of a solution containing 8.4 mEg/liter K* and 1.7 
mEq/liter Mg** into the sinus node artery of the iso- 
lated canine right atrium brought about immediate 
depression of atrial cell activity, although the sinus node 
firing rate was not immediately diminished. Figure 2A 
shows that both electrographic amplitude and twitch 
amplitude began to decline when the excess K* arrived, 
and atrial electrical and mechanical activities appeared 
to cease within 5 minutes. Action potentials used for 
Table III were recorded at 3 + 0.5 minutes after this 
elevated [K+] perfusion began. This always occurred 
within 5 minutes in all seven atria studied (at least two 
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FIGURE 1. A and B, effects of elevated [K+] on leads Il and V3 of the 
electrocardiogram of Patient 1 and C and D, prevention of these elec- 
trocardiographic changes in Patient 9 by simultaneously elevated 
[Mg++]. Voltage and time calibrations are standard except in B, which 
was recorded at half standard voltage. The other electrocardiographic 
leads showed the same changes and were omitted to conserve space. 
Tracings during normal [K+] are on left and those during elevated (t) 
[K*] are on right. MV — millivolt; sec — second. 
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TABLE Il 


Electrocardiographic Changes in Four Patients During Episode of Hyperkalemia and Hypermagnesemia 
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[K*] [Mg**] P amp T amp P-Q QRS Q-Tc 
Case (mEq/liter) (mEq/liter) (mm) (mm) (ms) (ms) (ms) 
8 " 
Normal 4.3 2.0 1.6 2.3 140 80 409 
Episode 72 6.8 1.6 9.0 150 80 434 
9 
Normal 4.4 2.2 1.5 5.0 150 70 457 
Episode 7.6 3.3 1.5 8.2 160 80 430 
10 
Normal 3.6 1.6 1.9 3.3 165 80 462 
Episode 6.9 2.7 2.0 3.1 180 80 444 
11 
Normal 4.0 2.2 1.6 3.0 150 75 430 
Episode T.S 6.2 1.3 9.0 160 80 450 
Mean + SD 
Normal 4.1 2.0 1.7 3.4 151 76 440 
+ 0.2 + 0.2 + 0.2 + 1.2 + 10 t5 + 25 
Episode 7.3 4.8 1.6 7.3 163 80 440 
+ 0.2 + 2.0 + 0.3 + 2.8 412 +0 +9 
p value* «0.001 «0.05 NS NS «0.01 NS NS 


* p (probability) values refer to Student's paired t test comparing measurements during control period and during episode of hyperkalemia and 
hypermagnesemia. 
Amp = amplitude; NS = not significant. 





TABLE Ill 
Effect of [K+] on Atrial Muscle Cell Action Potentials When [Mg++] is Normal and High* 
Resting Maximal 
Transmembrane Upstroke Action Potential Duration Conduction 
Concentrations Potential Velocity Amplitude Overshoot APD2oo APDao Velocity 
(mEq/liter) (mV) (V/s) (mV) (mV) (ms) (mm/s) 
[K+] = 4.2, [Mg++] = 1.70 —78 50 94 14 65 154 473 
m oT A +16 +8 +5 +25 +40 +8 
[K+] = 8.4, [Mg++] = 1.70 —38t 6t 40t 2t 60 144 102t 
+13 i5 x16 +4 $20 +32 +87 
[K+] = 8.4, [Mg++] = 6.8 —60t 15t 66t 2t 33t 132 185t 
+17 +16 +20 +4 +4 +40 +38 


* Each entry in this table is the mean + 1 standard deviation of six measurements. 
t = p (probability) <0.05; this applies to differences between middle line and top line, bottom line and top line, and (! between lines) bottom 
line and middle line. 


TABLE IV 
Effect of [K+] on Ventricular Muscle Cell Action Potentials When [Mg++] is Normal and High* 
Resting Maximal 
Transmembrane Upstroke Action Potential Duration Conduction 
Concentrations Potential Velocity Amplitude Overshoot APD2oo APDao Velocity 
(mEq/liter) (mV) (V/s) (mV) (mV) (ms) (mm/s) 
[K*] = 4.2, [Mg**] = 1.70 —75 558 85 11 64 151 701 
+5 +110 +6 +2 +30 +59 i237 | 
[K+] = 8.4, [Mg++] = 1.70 —541 253! 521 51 62 108 321' 
+6 +113 +13 +4 +40 +48 +161 
[K+] = 8.4, [Mg++] = 6.8 —66t 322t 69t 3t 68 154 566 
+4 +130 +6 +6 +20 +25 +230 


* Each entry in this table is the mean + 1 standard deviation of seven measurements. 
t p (probability) «0.05; this applies to differences between middle line and top line, bottom line and top line, and (! between lines) bottom line 
and middle line. 
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tests in each). All atria recovered completely within 10 
minutes after the excess K* was removed. Sinus node 
firing rate was diminished only slightly during perfusion 
of excess K*, so that the reason for apparent absence of 
atrial electrical activity was the inexcitable state of the 
atrial muscle cells and associated sinoatrial block. The 
sensitivity of atrial muscle cells to excess K*, is illus- 
trated in Figure 3. The action potential quickly lost its 
rapid upstroke and resting potential became less neg- 
ative. However, the rate of driving by the sinus node was 
only slightly less (97 as opposed to 111 impulses/min). 
Within 3 more minutes this atrial muscle cells was 
quiescent. 

When the test solution contained elevated Mg++ (6.8 
mEq/liter) with the elevated Kt (8.4 mEg/liter), the 
depressant action of excess K* was greatly attenuated. 
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FIGURE 2. A, depression of amplitude of right atrial 
electrogram and vigor of atrial contractions by elevated 
[K*] is complete by 5 minutes. Arrows indicate onset of 
test solution perfusions. B and C (continuous), electro- 
grams demonstrating that elevating [Mg++] delays the 
depression of mechanical and electrical activity; the 
electrogram (recorded at three times the sensitivity of that 
in A) is unchanged throughout. Transient oscillations in 
the tachogram in the center of each panel were caused 
by occurrence of irregular beats or by changes in elec- 
trographic wave form. meg/! = milliequivalents per 
liter. 
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Figure 2B shows that even after 18 minutes of excess 
K*, the electrogram was unchanged; twitch amplitude 
was substantially diminished by this time, but excita- 
bility was intact. Table III shows that the K*-induced 
decline in resting potential was attenuated and action 
potential amplitude was significantly improved (p 
<0.05). Mg** did not enhance the upstroke velocity or 
conduction velocity; this result would be predicted from 
previous studies.’ Early repolarization was faster (p 
<0.05), but overall action potential duration was un- 
changed. 

After the combination of elevated K* and Mg** 30 
to 90 minutes of washout was required for atrial action 
potentials to return to control values. However, these 
action potentials reverted completely to normal in every 
experiment; all changes were reversible. 
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[K+] = 8.4 meg/l; 15 min 














FIGURE 3. B, the marked depression of typical atrial muscle action 
potentials by K* (8.4 mEg/liter). The depolarization of the resting 
transmembrane potential reached this point after 15 minutes, at which 
time sinus rate was depressed only from 111 to 97 impulses/min. 


Electrophysiologic effects of increased [K*], and 
[Mg**], on ventricular muscle cells: Doubling ex- 
tracellular potassium concentration ({K*],) brought 
about severe depression of the action potential of ven- 
tricular cells also within 15 minutes. The changes as- 
sociated with this depression are listed in Table IV. All 
voltage measurements diminished and all time-de- 
pendent variables decreased in rate, including con- 
duction velocity, which was substantially lower. Figure 
4, A and B shows an example of the corresponding ac- 
tion potentials observed. 

However, doubling [K*] when [Mg**] was elevated 
to 6.8 mEg/liter had a less prominent effect (Table IV 
and Fig. 4, C and D). Resting potential decreased by 

















only 9 mV even when measured after 30 minutes' ex- 
posure to high [K*]; this is to be compared with a 21 mV 
depolarization when [Mg++], was normal. Also, even 
though linear conduction velocity was unchanged, 
maximal upstroke velocity decreased significantly (p 
<0.05). Neither APDso nor APDgo was Consistently 
changed in ventricular cells when [K*] or [Mg**] was 
altered. 


Discussion 


Effects of Potassium 


When only serum potassium concentration ([K*]) 
was found to be elevated in patients, the most consistent 
electrocardiographic changes were reduced P wave 
amplitude and increased QRS duration. In most of these 
patients increased T wave amplitude and increased P-Q 
interval were also seen. All these observations can be 
explained by the marked sensitivity of atrial and ven- 
tricular cells to elevated extracellular potassium ([K*],). 
Because resting potential in atrial cells falls quickly to 
the point of inexcitability when [K+], is raised, it follows 
that the P wave amplitude would quickly diminish.5? 
A similar decline in resting potential occurs in ventric- 
ular cells when [K*], is raised to 8.4 mEg/liter. How- 
ever, ventricular myocytes are apparently protected 
from such extreme depression because in our experi- 
ments low amplitude action potentials with slower 
conduction velocity were maintained in these cells. The 
hyperkalemic patients all had the prolonged QRS 
complexes that would be expected when conduction 
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FIGURE 4. A and B, these action potentials from 
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induced by high levels of [K+] and (C and D) how 
(0) those changes are attenuated by elevating 
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[Mg++] to 6.8 mEg/liter. The lower traces 
(marked by the dotted arrows and scaled 0 to 500 
V/s) in all panels (A to D) were produced by the 
electronic differentiation of the measured trans- 
membrane potential. Panel D shows that even 
after 25 minutes of high [K+], when [Mg++] was 
also high, depression of the action potentials of 
the type seen after 20 minutes in panel B failed to 








occur. Stimulation pulses (s) are seen as voltage 








spikes on each trace and were used to calculate 
conduction times. 


through ventricular muscle is slower than normal. The 
electrocardiographic changes in this group of patients 
with elevated serum [K*] are similar to those previously 
reported.'? : 


Effects of Magnesium on Hyperkalemic Heart Cells 


Mg++ and hyperkalemic atrial cells: Atrial cells 
appeared to be far more responsive than ventricular 
cells to elevated [K*]. Mg** in the concentration we 
tested on atrial cells could not prevent but only delayed 
the effects of K*. Mg** might therefore be less potent 
as an agent protecting against K* in atrial cells than it 
is in ventricular cells. However, the P waves were fully 
preserved in the hyperkalemic patients who had ele- 
vated serum [Mg**]. Thus, we must conclude that our 
experimental study only revealed in part the K*-an- 
tagonistic property of Mg** in atrial muscle. Even the 
highest serum level of [Mg**] in our patients is not 
‘thought to be sufficient to cause electrocardiographic 
changes by itself.!? Therefore, we believe that these 
results imply that elevated serum [Mgt*] may atten- 
uate electrical changes brought on by excess K+. 

Mg++ and conduction velocity in ventricular 
muscle cells: Excess K* reduced conduction velocity, 
but this reduction could be prevented in ventricular 
cells when the level of [Mg**] was raised. Mechanisms 
by which conduction velocity is controlled are unclear, 
but we assume that preservation of a negative resting 
potential is of some importance. However, studies in 
canine ventricular muscle!! have shown that the relation 
between upstroke velocity and conduction velocity may 
not be as direct as has been thought. Peon et al.!” 
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showed that below —70 mV (resting potential) con- 
duction velocity can be directly correlated with upstroke 
velocity. With elevated [Mg**] the resting potential 
remained near —70 mV (—66 mV) in our ventricular 
muscle cells. However, Rosen et al.!? pointed out that 
when [K*] is changed, there may be no correlation be- 
tween conduction velocity and upstroke velocity. Our 
data confirm that lack of correlation because elevated 
[Mg++] prevented a significant decrease in conduction 
velocity, although upstroke velocity was substantially 
(p <0.05) reduced in ventricular cells. Elevated [Mg**] 
was unable to prevent the decrease in conduction ve- 
locity in atrial cells. However, similar tests with lower 
K* might reveal this action, which was almost statisti- 
cally significant in the present study (p = 0.06). 

With ventricular cell conduction maintained near a 
normal level, impulses traversing the ventricles did so 
at normal speed. This finding probably explains why the 
QRS complex duration, prolonged during hyperkalemia, 
remained normal when serum [Mg**] was also 
raised. 

Mg++ and resting transmembrane potential in 
atrial and ventricular muscle cells: One major con- 
sequence of excess [K*], is its depolarizing action, which 
leads to several secondary effects. Increased [Mg**], 
has been shown to increase the diastolic potential in 
false tendon cells.” In the present study, we observed 
that increased [Mg**], opposed the K*-induced de- 
polarization of resting potential in atrial and ventricular 
muscle cells. This finding is also consistent with the 
diminished K* exchange observed in ventricular cells 
when the level of [Mgt*], is raised.!^ 
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Tissue concentrations of tritiated digoxin in the dog are altered by si- 
multaneous administration of quinidine. Serum levels rise as tissue con- 
centration decreases significantly in all tissue except brain tissue, where 
an increase of 51 percent is noted over that of the control digitalized state. 
The digitalis toxicity associated with digoxin-quinidine interaction appears 
to be associated with rising brain levels of digoxin and falling levels in the 
myocardium. These findings suggest a neurally mediated form of toxicity 
with this interaction related to a change in the space of distribution. The 
question of possible loss of inotropic effect associated with diminished 
myocardial digoxin concentration requires further study. 


Gold,' writing in a monograph in 1950, stated that the combination of 
quinidine and digitalis was so dangerous that he never used the drugs 
together. A survey? in 1977 of adverse reactions to quinidine therapy 
revealed a 13 percent incidence rate of adverse reactions when quinidine 
was given with digitalis. Evjinsson? noted higher plasma digoxin levels 
in patients receiving quinidine treatment, many of whom were believed 
to exhibit digitalis intoxication. Leahey et al.4 also noted greater serum 
concentrations of digoxin in patients receiving quinidine therapy and 
noted amelioration in toxic manifestations with a reduction in the dose 
of digoxin.* Because the mechanism of this interaction is poorly un- 
derstood we developed an animal model to study tissue distribution 
associated with these clinically important findings. 


Methods 


Experimental preparation: Six mongrel dogs were given 1.0 mg of 
tritium-labeled digoxin (400 mCi/mg) intravenously initially (day 0) and 
then 0.5 mg of tritiated digoxin daily for 4 days, when a steady concen- 
tration was thought to be present. The animals were killed on day 4 and 
samples of tissues were obtained. Five other dogs were given digoxin on 
a schedule identical to that of the control group, but, in addition, on day 
2 and day 3 quinidine, 8 mg, was given intravenously three times a day. 
These animals were killed on day 4 and tissues were obtained. Two an- 
imals given quinidine were noted to have vomiting and diarrhea; no 
animal in the control group had these symptoms. One dog studied pre- 
viously on a similar protocol manifested cardiac arrhythmias as well as 
vomiting and diarrhea. Figure 1, a graph representative of the serum 
concentration of digoxin for this experimental model, shows that the 
serum digoxin level rises when quinidine treatment is initiated and falls 
when it is discontinued. 

Tissue digoxin analysis: Tritiated digoxin and its primary metab- 
olites, digoxigenin mono-digitoxiside, digoxigenin bisdigitoxiside and 
digoxigenin, were extracted from all specimens with chloroform, passed 
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through an alumina column, eluted with a 2:1 chloro- 
form-ethanol mixture and evaporated. Counting solu- 
tion was then added and counting performed with a 
liquid scintillation counter. This method will recover 
96 percent of a known quantity of digoxin or its me- 
tabolites.  " 


Results 


Tissue concentrations of tritiated digoxin (Table 
I): Table I demonstrates changes in tissue concentra- 
tions of digoxin, the actual percent of the mean change 
in concentration and the level of significance of these 
findings. It is immediately apparent that the tissue 
concentration of digoxin was generally lower in the 
animals that received both quinidine and digoxin than 
in the animals given digoxin alone. There are two ex- 
ceptions: spleen tissue, where a 10 percent increase was 
noted in the group given digoxin and quinidine (p 
«0.25, a nonsignificant change) and brain tissue, where 
a 51 percent increase occurred in this group (p «0.05, 
a significant difference). 

Tissue/serum ratio (Table II): This ratio, deter- 
mined as a mean value, is shown in Table II for the dogs 
treated with digoxin alone and those treated with di- 
goxin and quinidine. In spite of reductions in most tis- 
sue concentrations of digoxin, there was a rather strik- 
ingly increased concentration in white matter of brain. 
The ratio between the level of digoxin in the white 
matter of brain and that in serum was 8.77 in the ani- 
mals treated with digoxin and quinidine compared with 
3.82 in the digoxin-treated animals. Because the animals 
in both groups were given the same dose of digoxin re- 
gardless of size, little is to be gained from inspection of 
individual animal data without correction for body size 


TABLE | 
Tissue Concentrations of Tritiated Digoxin (ng/g) 
Digoxin ^ Quinidine- 
Only Digoxin Percent 
Tissue (n = 6) (n = 5) Change p 
Adrenal 81.24 65.55 — 19.18 «0.10 
Bladder 29.79 21.85 —26.65 <0.025* 
Brain 9.42 19.06 +50.58 «0.051 
Colon 132.73 92.93 —29.99 «0.20 
Diaphragm 25.88 19.45 —24.85 «0.05* 
Right atrium 47.39 40.43 — 14.69 «0.10 
Left atrium 59.33 48.67 —17.97 «0.025 
Right ventricle 95.73 75.11 —21.54 <0.05* 
Left ventricle 104.85 83.63 —20.24 <0.025* 
Kidney 1016.77 741.56 —27.07 <0.05* 
Liver 57.16 45.23 — 20.87 <0.20 
Lung 33.74 31.85 —5.60 <0.30 
Testicle/ 31.06 29.60 —4.70 <0.40 
ovary 
Pancreas 79.50 45.56 —42.69 <0.10 
Spleen 16.03 17.89 +10.40 <0.25 
Small intestine 73.45 57.64 —21.52 «0.10 
Skeletal muscle 25.10 17.65 —29.68 <0.025* 
Uterus 18.41 18.37 —0.11 «0.495 
Gall bladder 288.57. 278.13 —3.62 «0.45 


* Significant decrease. 
t Significant increase. 
p — probability. 
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FIGURE 1. Experimental dog model for digoxin-quinidine interaction. 
Serum digoxin is plotted on the vertical axis, time in days on the hori- 
zontal axis. The serum half-time (T 1/2) in the dog is 22 hours; note that 
a steady state was achieved in serum at 4 to 5 days and continued 
through day 7. Administration of quinidine was started on day 6 and the 
serum digoxin level rises nearly two fold to 3.0 ng/ml by day 8 and falls 
to 1.7 ng/ml on day 13 after quinidine therapy was discontinued. This 
figure does not illustrate any data shown in this manuscript; it is shown 
only to demonstrate the actual increase in digoxin serum concentration 
when quinidine is given to a dog and the subsequent decrease when 
quinidine therapy is discontinued. t.i.d. — three times daily. 


by using percent increase or decrease as a ratio for 
comparison. Table III shows weight and serum digoxin 
concentration in the animals at time of sacrifice. There 
was no significant difference in serum concentration at 
the time of sacrifice between the control dogs and those 
treated with quinidine and digoxin. Figure 2 indicates 
the serum levels of digoxin in both dog groups. There 
was only a modest and insignificant rise in serum di- 
goxin levels in the dogs treated with quinidine and di- 
goxin compared with levels in the control group. Despite 


TABLE Il 
Tissue /Serum Ratio of Tritiated Digoxin 
Quinidine- 
Digoxin Digoxin 
(n = 6) (n = 5) p 
Adrenal 33.86 30.95* «0.15 
Bladder 12.62 10.15* «0.05 
Brain 3.82 8.77! «0.025 
Colon 55.23 44.06* «0.25 
Diaphragm 10.99 9.05* «0.10 
Right atrium 20.08 18.96* «0.30 
Left atrium 25.33 22.95* «0.15 
Right ventricle 40.37 35.30* « 0.10 
Left ventricle 44.94 39.32* « 0.10 
Kidney 419.81 347.00* « 0.10 
Liver 23.73 21.28* «0.30 
Lung 14.28 14.811 «0.30 
Testicle/ovary 13.28 13.96! «0.40 
Pancreas 33.85 21.09* «0.10 
Spleen 6.81 8.26! «0.10 
Small intestine 30.91 27.01* «0.20 
Skeletal muscle 10.68 8.32" «0.05 
Uterus 7.29 8.76! «0.25 
Gall bladder 117.61 129.61! «0.35 


* Ratio decreased. 

T Ratio increased. 

Serum concentration = 1. 

QD = quinidine-digoxin combination. 
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TABLE Ill 
Weight and Serum Digoxin Level at Death 


mediated theory of digitalis toxicity.^9 A second is that 
ouabain is displaced from its receptor by quinidine (as 


Serum Digoxin 


Case Wt (kg) Level (ng/ml) 
Dogs Treated With Quinidine-Digoxin 

5 16 2.00 

6 —(lost) 2.48 

7 18 2.20 

8 16 2.16 

9 18 1.87 
Mean + SD T 2.14 X 0.23 

Control Dogs Treated With Digoxin Only 
11 11 2.40 
12 11 2.54 
13 19 . 3.45* 

14 27 1.96 

15 22 1.73 

16 15 2.26 
Mean + SD saa 2.18 + 0.33 


* Excluded from mean. 


this insignificant difference, there were significant 
differences in tissue digoxin levels between the two 
groups. 

Brain versus myocardial concentration of di- 
goxin: These data indicate a change in the area of dis- 
tribution of digoxin with simultaneous quinidine 
treatment and provide additional evidence for at least 
partial neural mediation of digitalis toxicity. Digitalis 
intoxication appeared to occur with lower concentra- 
tions of digoxin in heart muscle (Table II) in the pres- 
ence of quinidine. One explanation for this anomalous 
finding is that, as shown earlier, the digoxin concen- 
tration in the brain (white matter) is increased by more 
than 50 percent, a finding correlating with the neurally 
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FIGURE 2. Digoxin serum levels in the study group. The dogs given 
digoxin (D) only are shown in the upper panel, dogs treated with digoxin 
and quinidine (D + Q) in the lower. Arrows indicate dosing intervals and 
times. The direction of the arrow indicates injection either to control 
(upper) or quinidine-treated (lower) animals. The serum level at sacrifice 
time is shown for comparison with tissue level. The mean data are 
shown and the standard error is indicated by brackets. Only a modest 
rise in serum digoxin level with quinidine administration was demon- 
strated in these experiments. 
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shown by Straub et al.") and, although there are fewer 
sites available for cardiac glycosides, ouabain occupies 
a greater proportion of the available sites. Figure 3 
shows the ratio of the levels of digoxin in’tissue (ng/g) 
to those in serum (ng/ml). It is clear that brain (white 
matter) is the only tissue showing a greater digoxin 
concentration in animals treated with digoxin only than 
in animals treated with both digoxin and quinidine. 


Discussion 


Brain white matter as a mediator of digitalis 
toxicity: The increase in serum concentration of di- 
goxin is consistent with displacement of digoxin from 
its sodium-potassium-adenosine triphosphatase re- 
ceptor by quinidine, which has been demonstrated in 
an in vitro preparation.? That the concentration in all 
tissues save brain tissue decreases significantly with the 
increase in digoxin serum concentration is consistent 
with this observation. 

Studies of digoxin tissue concentrations in dogs? and 
in human subjects? demonstrated that digoxin is found 
in every tissue in the body. The concentration is greatest 
in the kidney, the major organ of excretion, followed by 
heart muscle, liver and gall bladder. Although the con- 
centration in skeletal muscle is relatively small (because 
it constitutes 40 percent of body weight in both dogs and 
human beings), this is the major reservoir for the drug. 
Although the digoxin concentration is diminished in 
heart muscle, the manifestations of digitalis toxicity 
observed in our animal model appear to be correlated 
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FIGURE 3. Digoxin tissue to serum ratios. The mean serum level of 
digoxin is shown as 1 at the baseline and the ratio of the tissue digoxin 
level to the serum level is plotted on the vertical axis. Closed circles 
indicate digoxin only; open circles indicate digoxin and quinidine ex- 
periments. Note that in dogs given digoxin only all tissue serum ratios 
except that of brain were higher than the corresponding ratios in dogs 
given digoxin and quinidine; the brain tissue serum ratio was lower in 
the group treated only with digoxin. LA = left atrium; LV = left ventricle; 
RA = right atrium; RV = right ventricle; Sk Mus = skeletal muscle. 
Brackets indicate standard error of the mean. 


with increased tritiated digoxin in brain tissue, a tissue 
reported to be a partial mediator of digitalis toxicity and 
effect.59.10-16 The demonstration of a 50 percent in- 
crease of digoxin in brain tissue (white matter) suggests 
that the toxic manifestations noted may be neurally 
mediated and appears consistent with this hypoth- 
esis. is 

Lyon and DeGraff!6 comment on the frequent asso- 
ciation of neurologic side effects with cardiac toxicity 
and question the point at which cardiac toxic or “opti- 
mal” cardiac effect is present. The demonstration of a 
redistribution of digoxin from muscle (the major depot 
for digoxin) to neural tissue suggests that this may 
partially explain the contribution of neural manifesta- 
tions to the symptoms of digitalis intoxication, as well 
as the symptoms of those present in this interaction 
between digitalis and quinidine. The increased resis- 
tance to digitalis apparently afforded by isolation of the 
heart from the nervous system by spinal cord transec- 
tion in the cat!? also favors a role for the neurologic in- 
volvement in cardiac digitalis toxicity. 

Digoxin-quinidine interaction: Although their title 
purports to demonstrate lack of “marked” effect of 
digitalis on sodium-potassium-adenosine triphospha- 
tase inhibition, a study by Weaver et al.!7 actually 
demonstrated inhibition of the enzyme and significant 
increases in cortical brain tissue binding of ouabain at 
the onset of digitalis toxicity. These data appear con- 
sistent with increased brain tissue concentration of di- 
goxin as a consequence of the digoxin-quinidine inter- 
action. Storstein et al.!? reported that digitoxin serum 
levels are not significantly changed with quinidine ad- 
ministration. No problems with digitalis toxicity have 
been reported with simultaneous use of digitoxin and 
quinidine. Hager et al.!? recently demonstrated that the 
clearance of digoxin was significantly reduced when 
quinidine was given to subjects also given digoxin. Their 
study suggests that clearance of the drug as well as tis- 
sue redistribution is important. If less drug is excreted 
and that remaining is redistributed as we have shown, 
toxicity may well be the result. 

Since the completion of our study, Kuhlmann et al.2° 
published data indicating that a period of at least 10 
days is required to achieve a steady state digoxin con- 
centration in the brain tissue of dogs. Thus, the in- 
creases in brain concentration noted at 5 days in our 
study may represent a change in concentration at that 
time rather than a true steady state concentration of 
digoxin. The same authors noted that beta methyl di- 
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goxin concentration in brain is much higher than that 
of digoxin. It would be of interest to know if the inter- 
action of quinidine with b-methyl digoxin is of signifi- 
cance. 

Prolonged brain retention of digitalis glycoside: 
We noted? that digoxin in human brain tissue was 
identified in minute amounts at 53 days after a single 
dose of tritium-labeled digoxin had been given to one 
subject. This finding appears to lend some substance 
to the impression of Kuhlmann et al.?? that digoxin, in 
addition to being slow to achieve a steady state, is also 
rather slow to leave brain tissue. Brain tissue half-time 
for digoxin in dogs was 73.3 + 15 hours compared with 
33 + 9 hours for other tissues. In tissue turnover studies 
performed in our laboratories? a tissue turnover time 
for digoxin could not be established for brain; this 
finding is not surprising because these studies were 
carried out only to 48 hours. 

Church and Marriott?! commented on the persistence 
of digitalis delirium as a manifestation of digitalis in- 
toxication. This might be consistent with prolonged 
brain retention of the glycoside. Other neural mani- 
festations of toxicity include loss of visual acuity, 
changes in color perceptive vision, blindness, retro- 
bulbar neuritis, disorientation, confusion, aphasia, de- 
lirium, hallucinations, convulsions and headache. Be- 
cause many of these changes may be related to low 
cardiac output, congestive heart failure or arrhythmias, 
it is sometimes difficult to be sure digitalis toxicity is 
responsible. Under these circumstances, and especially 
when quinidine is given concomitantly, it may be 
helpful to determine the serum level of digitalis. 

The possibility that the reduction in cardiac muscle 
digoxin will result in loss of inotropic effect was not 
examined in our experiments but is currently under 
investigation. We also did not examine whether the 
symptoms (arrhythmia, gastrointestinal) of *toxicity" 
to digitalis might be related to quinidine toxicity alone. 
Such an assessment would require additional mea- 
surements in a third group of animals given quinidine 
alone and was clearly beyond the scope of the present 
investigation. 

Implications: It seems prudent to recommend a re- 
duced dose of digoxin before initiation of concomitant 
quinidine therapy because of redistribution of body 
stores of the drug as well as a reduction in digoxin 
clearance in patients receiving both drugs. The issue of 
possible loss of inotropic effect should be resolved by 
further study. 
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The effects of quinidine, quinine, aspirin, ibuprofen, indomethacin and 
acetaminophen on steady state serum digoxin concentrations and total 
body digoxin clearance were studied in an animal model designed to 
simulate closely the clinical use of these drugs. When administered 
concurrently with digoxin, all of these drugs, with the exception of acet- 
aminophen, caused a significant increase in serum digoxin concentration. 
Serum digoxin concentration was elevated (p <0.05) from 1.0 + 0.14 to 
2.06 + 0.32 ng/ml with quinidine, from 0.70 + 0.10 to 1.28 + 0.20 ng/ml 
with quinine, from 1.12 + 0.15 to 2.58 + 0.24 ng/ml with aspirin, from 0.76 
+ 0.08 to 1.1 + 0.16 ng/ml with indomethacin and from 0.90 + 0.16 to 
3.5 + 0.65 ng/ml with the largest dose of ibuprofen studied. Serum cre- 
atinine concentration was not elevated by administration of any of these 
drugs. The effects of aspirin and ibuprofen on serum digoxin concentration 
were directly related to the serum concentration of these drugs. The el- 
evation in serum digoxin concentration produced by these drugs was due, 
at least in part, to a reduction in digoxin clearance. Digoxin clearance in 
the absence of any other treatment was 531 + 34 mi/h per kg and was 
reduced (p <0.05) to 352 + 31, 348 + 39 , 462 + 52 and 317 + 56 ml/h 
per kg by quinidine, quinine, aspirin and ibuprofen, respectively. Acet- 
aminophen did not significantly alter the clearance of digoxin. 

These results clearly demonstrate that several commonly used drugs 
when administered concurrently with digoxin are capable of significantly 
elevating serum digoxin concentrations and thus may have the potential 
to increase the toxicity of this widely used cardiac glycoside. A drug- 
induced reduction in digoxin clearance appears likely to play an important 
role in increasing the serum digoxin concentration. Although these findings 
require confirmation in human beings, they suggest that caution should 
be used in administering large doses of nonsteroidal antiinflammatory 
drugs in conjunction with cardiac glycosides. 


Digitalis glycosides are frequently prescribed for the treatment of heart 
failure and for a variety of cardiac arrhythmias. Digoxin is currently the 
most widely used of the digitalis glycosides and its toxicity is a continuing 
problem of major importance. Some studies! have demonstrated that 
as many as 10 to 20 percent of the patients taking this drug when ad- 
mitted to medical services exhibit signs of digoxin toxicity. Several recent 
studies? © have suggested that one contributing factor to this large scale 
problem may be an interaction between digoxin and quinidine that re- 
sults in a substantial elevation of serum digoxin concentration when 
these drugs are administered concurrently. The combined data from 
these studies indicate that the serum digoxin concentration increased 
in 83 of 85 patients taking quinidine and digoxin concurrently compared 
with the steady state serum digoxin concentration when they were re- 
ceiving digoxin alone. On average the serum digoxin concentration 
doubled in patients receiving quinidine and digoxin concurrently, but 
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a few patients had as much as a fourfold increase. In one 
study of 25 patients who demonstrated an increase in 
serum digoxin concentration after the start of quinidine 
therapy, Leahey et al.? reported the occurrence of ven- 
tricular tachycardia in 3 patients and ventricular fi- 
brillation, asystole and sudden death in 1 patient each. 
More recently? it has also been reported that quinine, 
an isomer of quinidine, reduces digoxin clearance in 
human beings, an effect that would also presumably 
result in a higher digoxin serum concentration at any 
given dose of digoxin. 

Our earlier observation? that some nonsteroidal 
antiinflammatory drugs such as aspirin, indomethacin 
and ibuprofen enhance the acute toxicity of ouabain in 
dogs suggested the possibility that these drugs alter the 
serum level of this cardiac glycoside in a manner similar 
to that reported for digoxin during treatment with 
quinidine. To evaluate this possibility we established 
an animal model for evaluating the effects of selected 
drugs on steady state-digoxin serum levels and total 
body clearance of digoxin. | 


Methods 


Effects of drugs on serum digoxin concentration: This 
study was performed on 15 mongrel dogs of either sex weighing 
11 to 14 kg; all were free of heart worms and intestinal para- 
sites. Throughout all studies the animals were unrestrained 
and consumed food and water at will. Steady state digoxin 
levels (as assessed from two measured values at least 24 hours 
apart differing by less than 0.2 ng/ml) were attained by the 
intravenous administration of 0.5 mg of digoxin (Lanoxin®, 
Burroughs Wellcome) followed by daily oral administration 
of 0.25 mg of this agent. This protocol produced steady state 
serum levels within approximately 4 days after the loading 
dose, but in all experiments administration of digoxin was 
continued for 7 days before treatment with any other drug was 
initiated. Control serum samples were obtained for digoxin 
determination on the 5th day of digoxin treatment (study day 
1) and on the 8th day of digoxin treatment (study day 4). 
Immediately after the second control blood sample was ob- 
tained, administration of one of the test drugs (Table I) was 
initiated. 


TABLE | 
Test Drugs and Dosage Regimens 


Drug Dosage 


Quinidine sulfate! 300 mg at 9 a.m. and 9 p.m. 


Quinine sulfate? 325 mg at 8 a.m., 3 p.m. and 9 p.m. 


Aspirin? 650 mg at 8 a.m., 1 p.m., 5 p.m. and 9 p.m. 


Ibuprofen^ 300 mg at 9 a.m. and 9 p.m. 
300 mg at 8 a.m., 3 p.m. and 9 p.m. 


400 mg at 8 a.m., 1 p.m., 5 p.m. and 9 p.m. 


Indomethacin? 50 mg at 8 a.m., 3 p.m. and 9 p.m. 


Acetaminophen® 650 mg at 8 a.m., 1 p.m., 5 p.m. and 9 p.m. 


1 Quinidex Extendtabs® (A.H. Robins, Co.). 
? Quinine sulfate (Eli Lilly and Co.). 

3 Supplied by The Upjohn Co. 

4 Motrin® (The Upjohn Co.). 

5 Indocin? (Merck, Sharp & Dohme). 

ê Tylenol? (McNeil). 
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Each test drug was administered in a commercially avail- 
able oral form according to a planned protocol (‘Table I). Test 
drugs were administered for a period of approximately 10 days 
unless side effects (gastrointestinal bleeding or severe an- 
orexia, for example) required discontinuation. Digoxin was 
administered at 5 pm daily and blood samples were obtained 
for determination of serum digoxin concentration at 8 am 
daily except on weekends. Serum creatinine coffcentration was 
measured before the start of treatment with each test drug and 
at the time of maximal observed effect on serum digoxin level. 
In addition, when possible the serum levels of test drugs were 
measured at least once during each experiment after sufficient 
duration of administration to attain a steady state blood level. 
Unfortunately, the serum quinidine and quinine levels could 
not be determined in these experiments because these samples 
thawed during a prolonged power failure that occurred after 
a hurricane. 

Statistical evaluation of changes in serum digoxin con- 
centration produced by test drugs was accomplished by 
comparing the serum digoxin concentration measured at daily 
intervals during test drug treatment with that measured be- 
fore initiation of test drug treatment utilizing the method 
described by Dunnett? for comparing multiple treatments 
simultaneously with a control state. This procedure was de- 
signed to set confidence limits on the true values of the 
treatment differences from the control value with a stated 
probability value for the joint confidence coefficient. All 
changes with a probability (p) value of less than 0.05 were 
deemed significant. 

Effects of drugs on digoxin clearance: Digoxin clearance 
was studied in animals before treatment with the test drugs 
and during treatment with quinidine, quinine, aspirin, ibu- 
profen or acetaminophen. In all cases, the dose of the test drug 
was the same as that utilized in the previously described serum 
level study (Table I) except that only one dosage regimen of 
ibuprofen (400 mg four times daily) was studied. Digoxin was 
administered intravenously to dogs in a dose of 1.0 mg and 
serum digoxin concentration was measured 8, 24, 48 and 72 
hours after administration. The logarithm of the serum di- 
goxin concentration was then plotted as a function of time and 
the serum half-life determined. Extrapolation of this curve 
to the time of injection allowed determination of the serum 
concentration at “zero” time and thus determination of the 
apparent volume of distribution of digoxin in each study an- 
imal when the dose administered was divided by this con- 
centration. 

Digoxin clearance was determined with use of the following 
relationship: !? 


0.693 
th 
where C4 = total clearance of digoxin (ml/h per kg); Vd = 
apparent volume of distribution of digoxin (liters/kg); and t/ 

= the elimination half-life of digoxin (h). 

Digoxin clearance was determined in this manner in ani- 
mals receiving no treatment other than the single dose of 
digoxin, and in the same animals during the administration 
of test drugs. All test drugs were administered orally for 3 days 
before digoxin administration with continued administration 
by this route during the 72 hour period during which digoxin 
serum concentration was measured. The serum concentration 
of all test drugs (except quinine) was determined in the serum 
sample obtained 48 hours after digoxin administration (that 
is, 5 days after the start of treatment with each drug). Fifteen 
animals in all were utilized to study the effects of the five test 
drugs on digoxin clearance. In three dogs, all five test drugs 
were studied; in four dogs, four drugs; in two dogs, three drugs; 





Ca = Vd X X1,000 
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in one dog, two drugs; and in five dogs, only one test drug. 
When a single animal was utilized to study the effects of more 
than one drug on digoxin clearance, a treatment-free period 
of not less than 2 weeks was allowed between studies. 

For statistical analysis of changes in digoxin clearance 
each animal served as its own control and the clearance in the 
absence of test drugs was compared with that during test drug 
treatment us™g the procedure described by Dunnett? for 
comparing multiple treatments with a control state. 

Determination of serum drug concentrations: In all 
experiments, serum digoxin concentration was determined 
by radioimmunoassay utilizing 1-125 digoxin (Kallestad, 
Chaska, Minnesota) and all test drugs were shown not to in- 
terfere with the determination of digoxin by this method. 

Quinidine concentration in serum was determined by high 
performance liquid chromatography using an alkyl phenyl 
micro-Bondapak column (Waters Associates, Milford, Mas- 
sachusetts) as described by Powers and Sadee.!! Serum sali- 
cylate concentration was determined with the method of 
Trinder!? using mercuric chloride and ferric nitrate. Serum 
creatinine concentration was determined using alkaline pic- 
rate after a protein-free filtrate was produced by the addition 
of tungstic acid.!? The concentration of acetaminophen was 
determined with the method of Horvitz and Jatlow using 
high pressure liquid chromatography with a Datasorb ODS 
column (100 um, 25 cm) and a chloroform: methanol: potas- 
sium phosphate buffer (0.01 M, pH 4.5) 8:16:101, as the eluting 
buffer. 

Ibuprofen concentration was determined in the laborato- 
ries of the Upjohn Company using the gas-liquid chromato- 
graphic method of Kaiser and VanGiessen.!^ Indomethacin 
concentration was determined in the laboratories of the 
Merck, Sharp and Dohme Company by a modification of the 
method described by Helleberg,!9 utilizing electron-capture 
gas chromatography after extraction of serum at pH 5 with 
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FIGURE 1. Effect of quinidine sulfate, 300 mg two times daily (B.1.D.), 
on serum digoxin concentration in dogs receiving 0.25 mg of digoxin 
daity. All vertical bars represent the mean + standard error of the di- 
goxin serum concentration for the seven dogs studied. Values for study 
days 1 and 4 represent steady state digoxin concentration after 4 and 
7 days respectively, of digoxin treatment. Quinidine administration 
(cross-hatched horizontal bar) was begun immediately after the day 
4 sample was obtained and continued through study day 15. Digoxin 
(open horizontal bar) was administered daily throughout the study. n 
= number of dogs; * = p «0.05 when compared with values on study 
day 4. 


dichloromethane and derivatization with ethereal dia- 
zoethane. Alphamethylindomethacin was used as an internal 
standard. 


Results 


Effect of quinidine on serum digoxin concen- 
tration: The effect of quinidine sulfate administered 
in an oral dose of 300 mg twice daily (Table I) on the 
steady state serum digoxin level was studied in seven 
dogs with a steady state serum digoxin concentration 
of 1.06 + 0.14 ng/ml. Administration of quinidine sulfate 
resulted in a significant increase in the serum digoxin 
concentration to 1.49 + 0.19 ng/ml (p <0.05) within 24 
hours after beginning quinidine treatment (Fig. 1). With 
continued administration of quinidine, the serum di- 
goxin level increased further to 2.24 + 0.26 ng/ml (p 
<0.05) on study day 11 (that is, after 7 days of quinidine 
treatment). After the 15th study day (at which time the 
serum digoxin concentration was 2.06 + 0.32 ng/ml [p 
<0.05]) quinidine was discontinued, but the mainte- 
nance digoxin dose was continued unchanged. Three 
days after discontinuation of quinidine treatment, the 
digoxin serum concentration had decreased to 0.80 + 
0.09 ng/ml, a value not significantly different from the 
level measured prior to quinidine administration. 

Effect of quinine on serum digoxin concentra- 
tion: The effect of orally administered quinine sulfate 
in a dose of 325 mg three times daily (Table I) was 
studied in 10 dogs with an average steady state serum 
digoxin level of 0.7 + 0.10 ng/ml before the start of 
quinine treatment. On study day 8, after 4 days of qui- 
nine administration, the serum digoxin level had in- 
creased significantly to 0.90 + 0.11 ng/ml (p <0.05), and 
the serum digoxin level continued to increase so that on 
study day 11 it had reached 1.28 + 0.20 ng/ml (p <0.05) 
(Fig. 2). Discontinuation of quinine administration re- 
sulted in a fall in the serum digoxin level to 0.82 + 0.12 
ng/ml after 3 days. This posttreatment value was not 
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FIGURE 2. Effect of quinine sulfate, 235 mg three times daily (T.I.D.), 


on serum digoxin concentration in 10 dogs receiving 0.25 mg of digoxin 
daily. Format and protocol as in Figure 1. 
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FIGURE 3. Effect of aspirin, 650 mg four times daily (Q.I.D.), on serum 
digoxin concentration in 10 dogs receiving 0.25 mg of digoxin daily. 
‘Open vertical bars represent the mean + standard error of digoxin 
serum concentration for six dogs whose salicylate blood level during 
aspirin treatment was maintained between 15 and 30 mg/100 ml. 
Hatched vertical bars represent the mean + standard error of digoxin 
serum concentration for 4 dogs whose salicylate blood level remained 
below 15 mg/100 ml. Format and protocol otherwise as in Figure 1. 


significantly different from the level observed before 
quinine treatment. 

Effect of aspirin on serum digoxin concentration: 
'The effect of aspirin, 650 mg four times a day (Table I), 
on serum digoxin concentration was studied in 10 dogs. 
Although the same dose regimen of aspirin was em- 
ployed for all animals, salicylate serum levels varied 
among the animals studied. Four of the 10 study ani- 
mals achieved maximal salicylate serum levels of less 
than 15 mg/100 ml, while the remaining 6 study animals 
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FIGURE 4. Effect of ibuprofen, 300 mg two times daily (B.I.D.), on serum 
digoxin concentration in nine dogs receiving 0.25 mg of digoxin daily. 
Format and protocol as in Figure 1, except that ibuprofen administration 
was discontinued after day 13. 
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achieved and maintained salicylate serum levels in the 
range of 15 to 30 mg/100 ml. It was observed that the 
animals with salicylate serum levels of less than 15 
mg/100 ml exhibited no elevation in serum digoxin 
concentration during simultaneous administration of 
aspirin and digoxin (Fig. 3). In contrast, aspirin ad- 
ministration did significantly elevate sgrum digoxin 
concentration in the animals in which salicylate serum 
levels of 15 to 30 mg/100 ml were maintained. Before the 
start of aspirin treatment the serum digoxin concen- 
tration in this group of animals was 1.12 + 0.15 ng/ml, 
a level not significantly different from the initial level 
observed in the animals in which aspirin treatment re- 
sulted in a low salicylate serum level and no effect on 
serum digoxin concentration. Within 7 days of the start 
of aspirin treatment in this group (that is, study day 11) 
serum digoxin concentration had increased to 2.58 + 
0.25 ng/ml (p «0.05) and remained elevated throughout 
aspirin treatment, although the serum digoxin con- 
centration steadily declined from day 11 to day 15 so 
that the digoxin level on this last day of aspirin treat- 
ment was not significantly higher than on day 4. Three 
days after discontinuation of aspirin treatment, but with 
continued digoxin administration, the serum digoxin 
concentration was 0.85 + 0.09 ng/ml. 

Effects of ibuprofen on serum digoxin concen- 
tration: The effects of three dosage regimens of ibu- 
profen on serum digoxin concentration were studied 
(Table I). The two larger doses of ibuprofen (300 mg 
three times daily and 400 mg four times daily), when 
administered concurrently with digoxin, significantly 
increased the steady state digoxin serum concentration. 
The 300 mg twice daily dose was associated with an in- 
significant increase in serum digoxin concentration 
during concurrent administration in the nine animals 
studied (Fig. 4). In these dogs the serum ibuprofen 
concentration measured before administration of the 
morning dose on study day 11 was 5.3 + 1.5 ug/ml. 

Ten animals were treated with ibuprofen in a dose 
of 300 mg three times daily concurrently with digoxin, 
and a significant elevation in serum digoxin concen- 
tration from 0.94 + 0.16 ng/ml before the start of ibu- 
profen treatment to 1.51 + 0.30 ng/ml (p <0.05) was 
noted on study day 11 (Fig. 5). This concentration re- 
mained elevated until discontinuation of ibuprofen 
administration. Within 24 hours after the end of ibu- 
profen treatment, but with continued digoxin admin- 
istration, serum digoxin concentration had fallen to a 
level not significantly above the pretreatment level. 
Forty-eight hours after discontinuation of ibuprofen, 
the serum digoxin concentration was 0.92 + 0.22 ng/ml, 
a level almost identical to the pretreatment level. Two 
of the 10 animals treated with ibuprofen in a dosage of 
300 mg three times daily died during the treatment 
period. Both deaths were unobserved and occurred in 
the absence of any gross disease. One animal died after 
the 4th day of ibuprofen treatment, and had a serum 
digoxin concentration of 5.8 ng/ml on the morning of 
that day as compared with a level of 0.9 ng/ml before the 
start of ibuprofen treatment. The other animal died 
after the 8th day of ibuprofen treatment. The digoxin 


1204 June 1980 The American Journal of CARDIOLOGY Volume 45 


DRUG-INDUCED ELEVATIONS IN SERUM DIGOXIN CONCENTRATION tt tte ret ee NI 


concentration before ibuprofen treatment in this animal 
was 1.1 ng/ml as contrasted to 3.5 ng/ml on the morning 
of the day of death. Serum ibuprofen concentration, 
measured immediately before the morning dose on 
study day 11 was 11.6 + 2.0 ug/ml in nine animals re- 
maining in the study at that time. Peak ibuprofen serum 
levels (1 houmafter administration of the 3 p.m. dose on 
study day 11) averaged 51.5 + 10.3 ug/ml (range 30.6 to 
82.8 ug/ml). 

Ten animals were treated with digoxin and ibupro- 
fen at a dose of 400 mg four times a day after a steady 
state serum digoxin concentration of 0.90 + 0.16 ng/ml 
had been attained. Within 24 hours after the start of 
ibuprofen treatment, digoxin serum concentration in 
the study animals had increased significantly to 1.27 + 
0.19 ng/ml (p <0.05) and by the 9th day of ibuprofen 
treatment to 3.5 + 0.65 ng/ml (Fig. 6). Serum digoxin 
concentration remained significantly higher than the 
level observed before ibuprofen treatment for 48 hours 
after discontinuation of ibuprofen treatment. Five days 
after discontinuation of ibuprofen administration, but 
with digoxin continued at 0.25 mg/day, the serum di- 
goxin concentration was 1.20 + 0.20 ng/ml, which was 
not significantly higher than the level measured before 
the start of ibuprofen treatment. During ibuprofen 
treatment at this dose, two animals died. As was the case 
with the deaths occurring with the previous dose, both 
deaths were unobserved and occurred in the absence of 
any gross disease. One animal died after the 3rd day of 
ibuprofen treatment with a serum digoxin concentration 
of 2.9 ng/ml measured on the morning of the day of 
death as compared with a level of 0.74 ng/ml before the 
start of ibuprofen treatment. The other animal died 
after the 9th day of ibuprofen treatment with a serum 
digoxin concentration of 7.7 ng/ml on the morning of the 
day of death compared with a concentration of 0.85 
ng/ml before treatment. The average serum ibuprofen 
concentration measured immediately before the 
morning dose on study day 13 was 18.4 + 4.4 ug/ml in 
the nine animals remaining in the study at that time. In 
five animals the peak ibuprofen concentration (1 hour 
after the 5 p.m. dose on study day 13) averaged 44.2 
ug/ml (range 25.5 to 76.5). 

Effect of indomethacin on serum digoxin con- 
centration: Nine dogs with an average steady state 
serum digoxin concentration of 0.76 + 0.08 ng/ml were 
treated with indomethacin in an oral dose of 50 mg three 
times daily (Table I). After the first 24 hours of treat- 
ment, the serum digoxin concentration had increased 
significantly to 1.1 + 0.16 ng/ml (p <0.05), and this level 
remained relatively constant during 4 days of indom- 
ethacin treatment (Fig. 7). Indomethacin administra- 
tion was discontinued after 4 days because of gastroin- 
testinal bleeding in all animals. Three days after dis- 
continuation of indomethacin, but with continued di- 
goxin adminstration, the average serum digoxin level 
for this group of animals was 0.79 + 0.08 ng/ml, a con- 
centration not significantly different from the level 
measured before the start of indomethacin treatment. 
The serum indomethacin concentration before the 
morning dose on study day 8 was 1.44 + 0.56 ug/ml. 
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FIGURE 5. Effect of ibuprofen, 300 mg three times daily (T.I.D.), on 
serum digoxin concentration in 10 dogs receiving 0.25 mg of digoxin 
daily. Format and protocol as in Figure 1, except that ibuprofen ad- 
ministration was discontinued after day 13. 


Effect of acetaminophen on serum digoxin con- 
centration: Ten dogs with an average steady state 
serum digoxin concentration of 0.92 + 0.25 ng/ml were 
treated with acetaminophen in a dose of 650 mg four 
times a day (Table I). Acetaminophen administration 
was associated with a small but insignificant increase 
in serum digoxin concentration (Fig. 8). On study day 
11, the serum digoxin concentration was 1.20 + 0.29 
ng/ml. Three days after discontinuation of acetamino- 
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FIGURE 6. Effect of ibuprofen, 400 mg of four times daily (Q.I.D.), on 
serum digoxin concentration in dogs receiving 0.25 mg of digoxin daily. 
All vertical bars represent the mean + standard error of the digoxin 
serum concentration for the number of dogs noted at the bottom of each 
bar. Format and protocol as in Figure 1, except that ibuprofen admin- 
istration was discontinued after day 13. 
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FIGURE 7. Effect of indomethacin, 50 mg three times daily (T.1.D.), on 
serum digoxin concentration in nine dogs receiving 0.25 mg of digoxin 
daily. All vertical bars represent the mean + standard error of the di- 
goxin serum concentration for the nine dogs studied. Values for study 
days 1 and 4 represent steady state digoxin concentration after 4 and 
7 days of digoxin treatment, respectively. Indomethacin administration 
was initiated immediately after the day 4 sample was obtained and 
continued through study day 8 as noted by the cross-hatched horizontal 
bar. Digoxin was administered daily throughout the entire study as noted 
by the open horizontal bar. n = number of dogs; * = p «0.05 when 
compared to study day 4. 


phen treatment serum digoxin concentration was 0.92 
+ 0.18 ng/ml. The serum acetaminophen levels mea- 
sured immediately before the morning dose on study 
day 11 were barely detectable (less than 2 ug/ml). 
Effects of test drugs on serum creatinine con- 
centration: In all experiments the serum creatinine 
concentration was determined before treatment with 
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FIGURE 8. Effect of acetaminophen, 650 mg four times daily (Q.I.D.), 


on serum digoxin concentration in nine dogs receiving 0.25 mg of di- 
goxin daily. Format as in Figure 1. 
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test drugs and at the time of maximal effect of the test 
drug on serum digoxin concentration. No significant 
alteration in serum creatinine concentration was ob- 
served during treatment with any test drug. 

Effects of drugs on total body clearance of di- 
goxin: The effect of quinidine, quinine, aspirin, ibu- 
profen and acetaminophen on total body clearance of 
digoxin was evaluated in dogs after the intravenous 
administration of 1.0 mg of digoxin. All test drugs were 
administered in the dosage regimens described in Table 
I, except that ibuprofen was only administered in the 
dosage of 400 mg four times daily. In all experiments the 
test drug was administered for 3 days before adminis- 
tration of digoxin and continued for the 3 days after 
digoxin administration during which time serum di- 
goxin measurements were made. Digoxin clearance in 
13 dogs not undergoing any other treatment was 531 + 
34 ml/h per kg. All of the test drugs except acetamino- 
phen significantly reduced this clearance rate (Fig. 9). 
Digoxin clearance was 352 + 31, 348 + 39, 462 + 52 and 
317 + 56 ml/h per kg during treatment with quinidine, 
quinine, aspirin and ibuprofen, respectively. All of these 
changes in digoxin clearance were statistically signifi- 
cant (p <0.05). Digoxin clearance during acetaminophen 
administration was 483 + 49 ml/h per kg (p >0.05). 

Serum concentrations of test drugs determined 48 
hours after administration of digoxin were less than 1.0 
ug/ml, 19.2 + 1.3 mg/100 ml, 26.3 + 3.6 ug/ml and 0.14 
+ 0.01 ug/ml for quinidine, aspirin, ibuprofen and 
acetaminophen, respectively. 

Despite large changes in the apparent volume of 
distribution or the elimination half-life of digoxin, or 
both, in many experiments, these alterations were 
highly variable and no statistically significant alter- 
ations were observed. However, substantial changes did 
occur in one or both of these variables in all animals 
(Table II), resulting in the calculated decrease in 
clearance. No significant elevation in serum creatinine 
concentration was observed during treatment with any 
test drug in these experiments. 


Discussion 


Digoxin-Drug Interactions 


Adverse drug interactions may be difficult to identify 
for several reasons. First, there must be a signal that two 
or more drugs are having a detrimental interplay. If this 
signal is subtle, an adverse interaction may go unrec- 
ognized. Second, the harmful effect of the interaction 
may be incorrectly interpreted as an adverse effect of 
only one of the drugs or of a disease process rather than 
as an interaction among drugs. A possible example of 
a drug interaction being wrongly interpreted as an ad- 
verse reaction to a single drug is so-called quinidine 
syncope. In retrospect, most patients who have been 
diagnosed as having quinidine syncope were taking di- 
goxin and quinidine concurrently.!’ It now appears 
likely that many of these arrhythmias and sudden 
deaths were due to the recently recognized phenomenon 
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of quinidine-induced digitalis intoxication.? The data 
presented in our report demonstrate that in addition to 
quinidine and quinine, several widely used prescription 
and nonprescription medications cause a significant 
increase in serum digoxin concentration in dogs when 
administered concurrently with digoxin. 

Serum digoxin concentration versus serum test 
drug level: The magnitude of the increases in serum 
digoxin concentration caused by concurrent adminis- 
tration of aspirin or ibuprofen correlated with the serum 
levels of these drugs. Serum salicylate levels below 15 
mg/100 ml at the time of digoxin determination were not 
associated with an increase in serum digoxin concen- 
tration in four dogs, whereas all six dogs with salicylate 
levels greater than 15 mg/100 ml demonstrated a sig- 
nificant increase in serum digoxin concentration. The 
mean serum ibuprofen concentration 11 hours after a 
dose on the 300 mg twice a day regimen was 5.3 + 1.5 
ug/ml, which was associated with a small rise in serum 
digoxin concentration, but this change was not statis- 
tically significant. Ibuprofen doses of 300 mg three times 
a day and 400 mg four times a day achieved mean serum 
ibuprofen levels of 11.6 + 2.0 and 18.4 + 4.4 ug/ml, re- 
spectively, which were associated with statistically 
significant increases in serum digoxin concentration and 
sudden death in a number of study animals. Similarly, 
Doering* noted that the increase in serum digoxin level 
brought about by concurrent quinidine administration 
was related to the dose of quinidine bisulfate. No in- 
crease in serum digoxin concentration was observed 
with a total daily dose of less than 500 mg of quinidine 
bisulfate, but progressive and significant increases in 
serum digoxin concentration were reported with larger 
doses of up to 1,000 mg/day. One patient who inadver- 
tently took 3,000 mg of quinidine daily had an almost 
four-fold rise in serum digoxin concentration, the largest 
increase observed in that study. 

Time course of drug-induced elevation of serum 
digoxin: In order to alter appropriately the dose of di- 
goxin to avoid digitalis intoxication, an understanding 
of the time course of drug-induced alterations in serum 
digoxin concentration is necessary. A statistically sig- 
nificant increase in serum digoxin concentration was 
noted in the present study within 1 day after initiation 
of treatment with quinidine, ibuprofen (400 mg four 
times a day) and indomethacin. The mean peak serum 
digoxin concentrations occurred after 7 days of treat- 
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FIGURE 9. Effects of quinidine, aspirin, ibuprofen, acetaminophen and 
quinine on total body clearance of digoxin in dogs. Each bar represents 
the mean + standard error of the clearance of digoxin during the 
treatment noted below the bar. Numbers at the bottom of each bar 
denote the number of animals studied. Serum concentrations of test 
drugs were obtained from samples taken 48 hours after digoxin ad- 
ministration. B.I.D. = two times daily; mg % = mg/100 ml serum; Q.I.D. 
= four times daily; T.I.D. = three times daily; * = p <0.05 when com- 
pared with clearance of digoxin with no additional treatment. 


ment with quinidine, quinine and aspirin, after 8 days 
of treatment with ibuprofen at a dosage of 300 mg three 
times a day, after 9 days of treatment with ibuprofen at 
a dosage of 400 mg four times a day and after only 1 day 
of treatment with indomethacin. Although the serum 
digoxin concentration appeared to reach a peak and 
plateau during the administration of quinidine and 
quinine, a plateau does not appear to have been reached 
during administration of ibuprofen in the largest dosage 
studied (400 mg four times daily). It was noted that the 
serum digoxin concentrations were highest during as- 
pirin treatment, but then declined despite continued 
aspirin treatment. Doering‘ likewise demonstrated an 
increase in serum digoxin level within 1 day after be- 
ginning quinidine treatment in five healthy volunteers, 
with the digoxin level reaching a plateau after 5 to 6 days 
of quinidine plus digoxin. 





TABLE Il 
Effects of Test Drugs on the Apparent Volume of Distribution (A.V.D.) and Elimination Half-Life (t 15) of Digoxin 
Digoxin A.V.D. (liters/kg) Digoxin t!/ (hrs) 
During Test During Test 
Treatment Control Drug Treatment Control Drug Treatment 
Quinidine 19.8 + 1.7 16.1 + 1.0 25.4 t 2.3 33.3 + 3.4 
Quinine 17.8 t 2.2 14.6+ 0.9 25.1 4.2.7 30.9 + 2.9 
Aspirin 19.1 + 1.7 16.2 4.1.2 25.4 E 2.3 26.2 + 2.4 
Ibuprofen 21.6+ 0.9 17.8 + 1.6 30.0 + 1.9 50.3 + 9.8 
Acetaminophen 17.0 & 1.8 15.1 = 1.0 25.6 + 2.0 22.7+ 1.3 
reg pte este ee S eA OUR LL, |g Os SP ee Re TS m 
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Clinical Extrapolations 


The strategy for altering the dose of digoxin in the 
presence of interacting drugs would also obviously 
depend on the baseline serum digoxin level, the range 
of increase in serum digoxin level expected with ad- 
ministration of an interacting drug and patient sensi- 
tivity to digoxin. At one extreme, no change in digoxin 
dose may be necessary if the baseline serum digoxin 
level was low (0.5 to 1.0 ng/ml, for example) and the drug 
to be added was known to rarely more than double the 
serum digoxin concentration. At the other extreme it 
might be necessary to stop administration of digoxin for 
1 or more days before starting treatment with the in- 
teracting drug, and later restart the digoxin treatment 
at a smaller dosage if the baseline serum digoxin level 
were at the upper extreme of the therapeutic range (2 
to 2.5 ng/ml) and the interacting drug had the propen- 
sity to double or triple the serum digoxin level. Our 
experience in the present study suggests that any such 
dosage adjustment without regular and frequent eval- 
uation of the digoxin serum level and its cardiac activity 
would not be appropriate, because there was consider- 
able variation among study animals (and presumably 
patients) with respect to the time course and the mag- 
nitude of the change in digoxin serum concentration 
produced by all of the drugs studied. 

Quinidine: Extrapolation of observations made in 
animals to patients is at best difficult, but one important 
factor to be considered if such is attempted with the 
results of the present study is the relation of the serum 
concentrations of test drugs observed in our study to 
those ordinarily attained in patients during treatment 
with these drugs. Although we were unable to measure 
the quinidine serum levels in the animals in which this 
drug caused an elevation in serum digoxin concentra- 
tion, we did measure quinidine serum levels in dogs 
undergoing digoxin clearance studies being treated with 
a quinidine dosage regimen identical to that utilized in 
the aforementioned group of experiments. In this group 
of dogs the quinidine serum level was noted to be less 
than 1 ug/ml at a time corresponding to digoxin deter- 
minations in experiments evaluating the effects of this 
drug on digoxin serum concentrations. This quinidine 
concentration is clearly lower than the generally ac- 
cepted therapeutic range of 2.3 to 5.0 ug/ml reported by 
Kessler et al.!8 in patients. 

Aspirin: Salicylate serum concentrations observed 
to cause elevations in the serum digoxin concentration 
were in the range of 15 to 30 mg/100 ml when measured 
at the same time as digoxin serum concentration (that 
is, 11 hours after the last aspirin dose). This concen- 
tration range also is within the generally accepted 
therapeutic range for the antiinflammatory action of 
this drug.!? Although it might appear that 11 hours after 
the last aspirin dose this concentration of salicylate is 
somewhat excessive, Levy and Giacomini?? recently 
predicted that 650 mg of aspirin every 4 hours during 
waking hours and 1.3 g at bedtime will maintain ther- 
apeutic blood levels of salicylate throughout the 24 hour 
period. These results suggest that the dosage of aspirin 
typically utilized for analgesic activity may not be ex- 


pected to have adverse effects on the serum digoxin 
concentration, but that antiinflammatory dosage regi- 
mens may. 

Ibuprofen: We have found that ibuprofen serum 
levels of greater than 11 ug/ml at the time of digoxin 
determination were associated with significant eleva- 
tions in serum digoxin concentration, whfle an ibupro- 
fen serum level of 5.3 ug/ml did not result in a signifi- 
cant effect on the serum digoxin concentration. 
Whether ibuprofen blood levels of this magnitude are 
commonly attained during treatment with normal 
antiinflammatory dosage regimens of this drug is un- 
known, but clearly with the increasing evidence that this 
agent might be useful after parenteral administration 
in the management of myocardial infarction?!-?? the 
likelihood of achieving high plasma concentrations of 
this drug in patients being treated with digoxin is en- 
hanced. Recent studies??? have found that intravenous 
doses of ibuprofen greater than 10 mg/kg in animals 
result in decreased infarct size after coronary arterial 
occlusion. Lefer and Polansky?? recently reported that 
administration of ibuprofen in a dose of 12.5 mg/kg in- 
travenously to cats resulted in a beneficial effect on the 
developing infarct and an average serum ibuprofen 
concentration of greater than 60 ug/ml 5 hours after 
treatment, with average peak ibuprofen concentration 
of greater than 100 ug/ml. The highest ibuprofen serum 
levels observed in our study occurred 1 hour after ibu- 
profen administration in animals that had been treated 
with this drug for 5 days before this determination. In 
the five animals studied, the peak ibuprofen concen- 
tration was 51.1 + 10.3 ug/ml. 

Indomethacin: The indomethacin serum level re- 
ported here of 1.44 + 0.56 ug/ml 11 hours after the last 
50 mg dose is much higher than the mean concentration 
of approximately 0.4 ug/ml observed by Emori et al.74 
in six patients 8 hours after a 50 mg dose on the 4th day 
of indomethacin treatment; thus, it is unlikely that 
serum levels similar to those reported here to produce 
an elevation in serum digoxin concentration will be 
achieved in the routine use of this drug. 

Acetaminophen: Although no increase in serum 
digoxin concentration was observed during concurrent 
administration of acetaminophen in the present study, 
interpretation of this finding is uncertain in light of the 
very low acetaminophen serum level attained in study 
animals (less than 2 ug/ml). Whether or not higher 
acetaminophen serum concentrations would result in 
an elevation in serum digoxin concentration is un- 
known. 


Mechanisms of Digoxin-Drug Interactions 


Enhanced digoxin absorption: There are three 
possible mechanisms by which other drugs may in- 
crease the serum digoxin concentration: (1) by en- 
hancing digoxin absorption; (2) by decreasing digoxin 
excretion; and (3) by displacing digoxin from tissue 
binding sites. Although Chen and Friedman?? recently 
suggested that quinidine may enhance the absorption 
of orally administered digoxin, in the clearance studies 
reported here, we observed slight but nonsignificant 
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elevations in the serum digoxin concentration at 8, 24, 
48 and 72 hours after the intravenous administration 
of digoxin in animals receiving quinidine, quinine, 
ibuprofen and aspirin. This observation confirms that 
made in man by Hager et al.?6 In addition, Dahlqvist et 
al.6 observed that quinidine administration resulted in 
an elevation"in serum digoxin concentration even in 
patients whose digoxin treatment was discontinued 48 
hours before the start of quinidine treatment. Thus, 
although an effect of these drugs to enhance digoxin 
absorption cannot be completely ruled out, these studies 
and the fact that approximately 75 percent of an oral 
digoxin dose is normally absorbed make it unlikely that 
enhanced absorption could fully explain the greater 
than two-fold increases in serum digoxin concentration 
often observed during co-administration of interacting 
drugs. 

Decreased digoxin clearance or alteration in 
digoxin distribution: The decrease in digoxin clear- 
ance that we reported in dogs was due to a decrease in 
the apparent volume of distribution of digoxin, a de- 
crease in the digoxin elimination constant, or both, 
during the adminstration of quinidine, quinine, ibu- 
profen and aspirin. These findings are similar to those 
of Hager et al?9 who noted a decreased total body 
clearance, renal clearance and apparent volume of dis- 
tribution of digoxin when quinidine was administered 
concurrently with digoxin in man. Similarly, Leahy et 
al.?? recently reported that the renal clearance of digoxin 
is decreased in dogs without any effect on creatinine 
clearance during quinidine treatment. Doering* con- 
cluded that the observed 44 percent decrease in digoxin 
clearance in 13 subjects after the administration of 
quinidine bisulfate was the sole mechanism underlying 
the greater than two-fold increase in serum digoxin 
concentration observed. Hooymans and Merkus? also 
noted a significant decrease in renal digoxin clearance 
in three patients receiving concurrent quinidine and 
digoxin therapy. Dahlqvist et al. similarly reported a 
57 to 84 percent decrease in renal digoxin clearance after 
the onset of quinidine administration. On the other 
hand, these investigators noted that despite discon- 
tinuation of digoxin 2 days before the start of quinidine 
therapy, serum digoxin concentration still increased in 
12 of 13 patients. This latter observation cannot be fully 
explained by decreased elimination, but rather must be 
related to an alteration in digoxin distribution. A re- 
versible decrease in renal function has been reported?59 
in some patients during treatment with aspirin, ibu- 
profen, indomethacin and other nonsteroidal antiin- 
flammatory drugs, which may, in part, account for the 
decreased digoxin clearance that we observed in our 
study. Although serum creatinine concentration did not 
change throughout the course of these studies, more 
specific measurements of renal function were not uti- 
lized. 

Digoxin displaced from tissue binding sites: The 
observation by Dahlqvist et al. that the digoxin serum 
concentration was increased in patients by quinidine 
when the drug was administered 48 hours after dis- 
continuing digoxin clearly suggests the possibility of an 


alteration in digoxin tissue distribution induced by 
quinidine. This possibility has also been addressed by 
other workers. Doering^ observed no change in ouabain 
binding to the sarcolemma fraction of lamb myocardium 
after the addition of quinidine in a wide range of con- 
centrations. In contrast, Straub et al.?? reported sig- 
nificantly reduced ouabain binding to beef heart 
membrane (sodium — potassium)-adenosine triphos- 
phatase after the addition of quinidine, suggesting that 
quinidine reduced the number (or availability) of digi- 
talis binding sites on the cell membrane. More recently, 
Doherty et al.?! demonstrated that quinidine admin- 
istration results in a reduction in the concentration of 
digoxin in skeletal muscle and in the myocardium 
coincident with an increase in the digoxin serum con- 
centration and an increase in the concentration in the 
brain in dogs after ?H digoxin administration. If this 
were the case, one would not expect the increase in 
serum digoxin concentration during concurrent quini- 
dine administration to be associated with digitalis in- 
toxication arrhythmias. However, Leahey et al.?? re- 
ported on two patients being treated with digoxin who 
appeared to have digitalis intoxication arrhythmias 
after the onset of quinidine treatment. In one patient 
with atrial fibrillation atrioventricular junctional 
tachycardia developed after the start of quinidine 
treatment. Several dogs receiving ibuprofen also died 
during our study, thus raising the possibility that these 
animals died from digitalis intoxication arrhythmias, 
although it is also possible that their deaths were related 
to the direct toxic effects of ibuprofen. 

Clinical implications: Quinidine, quinine, aspirin, 
indomethacin and ibuprofen when administered con- 
currently with digoxin caused an elevation of the serum 
digoxin concentration; this effect was related to a re- 
duction in digoxin clearance and possibly to an alter- 
ation in digoxin distribution. Quinidine-induced ele- 
vation of serum digoxin concentration has been docu- 
mented to be potentially life-threatening in human 
beings.??? Whether this is also true for nonsteroidal 
antiinflammatory drugs is uncertain. The increase in 
serum digoxin concentration noted in dogs during the 
concurrent administration of several nonsteroidal 
antiinflammatory agents occurred only at serum levels 
of these drugs that are higher than those usually at- 
tained in man. Nevertheless we believe it is appropriate 
to measure the serum digoxin concentration in patients 
receiving large doses of any nonsteroidal antiinflam- 
matory drugs until further data in human beings be- 
come available. 
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Procan™ SR 

(PROCAINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analoque 
of procaine hydrochloride. Each tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SA is 
available for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 
absence of any arrhythmia, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the QRS complex occurs 
most consistently; less regularly, the P-R ond Q-T 
intervals are prolonged, and the QRS and T waves 
shou some decrease in voltage. 


The sustained-release characteristic of Procan SR 
toblets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SR 
tablets given every six hours when compared 

with an equal total daily dose of Pronestyl* 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — adout 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown. 


INDICATIONS 


Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTRRINDICRTIONS 


It has been suggested that procainamide be 
contraindicated in patients with myasthenia 

gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 





it has been suggested that, in a patient who is 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of L€ appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 
be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SA tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 


hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
continued with Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
followed thereafter by a total ddfly dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as a quide for providing the total daily 
dosage: patients weighing less than 55 kg (120 1b), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maintenance may then be continued with 

Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 


N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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An antihypertensive 


Lopressor beta-blocking agent 


metoprolol tartrate 
Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not. 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
on interval. (See Dosage and Administra- 
ion. 
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Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g.. tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope. Or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight incréase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal There are 
no well-controlled studies in pregnant women 
Lopressor should be used in pregnant women only 
when clearly needed 


Nursing Mothers: |t is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk. nursing should not be 
undertaken by mothers receiving metoprolol. 


Usage in Children: Safety and effectiveness in 
children have not been established 


Adverse Reactions Most adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


OPRESSOR 


metoprolol tartrate 
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Cardiovascular: Shortness of breath anc 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con. 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has beer 
reported in less than 1 of 100 patients. See Warn- 

ings. 

Gastrointestinal: Diarrhea has occurred in about 

of 100 patients. Nausea, gastric pain, constipation 
flatulence, and heartburn rave been reported in 1 : 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 10! 
patients 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition. a variety o 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agent: 
and should be considered potential adverse effec 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations: an acute reversible syn- 
drome characterized by disorientation for time an 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 
Cardiovascular: Intensification of AV block (see 
Contraindications) 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash. fever combined with 
aching and sore throat, laryngospasm and respir: 
tory distress 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopress: 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added ti 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general. the maximum e 
fect of any given dosage level will be apparent af 
one week of therapy. Usual maintenance dosage 
approximately 100 mg twice a day, with a range c 
100 to 450 mg per day. Dosages above 450 mg r 
day have not been studied. While twice-daily dos 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patient 
especially when lower dosages are used, will exi 
rience a modest rise in blood pressure toward tht 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughc 
the day. If control is not adequate, a larger dose. 
three times daily therapy, may achieve better cor 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased 


This drug should be stored at controlled room te! 
perature anc protected from moisture 


How Supplied Tablets of 50 mg (capsule-shape 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100 


Store at controlled room temperature and protec 
from moisture. 


Dispense in tight, light-resistant container (USP) 


667292 C79-22 (8 


For complete details, including description, clini 
pharmacology and overdosage, please see full 
prescribing information. 
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The validity and accuracy of three methods of gated cardiac blood pool 
imaging for the determination of regional wall motion were assessed in 
124 patients undergoing contrast left ventriculography. Eighty-four patients 
had multigated acquisition and display, and 40 patients had end-diastolic, 
end-systolic gated acquisition and display in both a two frame movie 
format and on photographs. Both gated cardiac blood pool images and 
left ventriculograms were reviewed independently by three blinded ob- 
servers and regional wall motion was qualitatively scored. For scoring 
purposes, the left ventricular wall was subdivided into anterolateral, apical, 
inferior, septal, apical-inferior and posterior segments. Segmental motion 
was graded on a five point grading scale as normal, mildly hypokinetic, 
moderately to severely hypokinetic, akinetic or dyskinetic. The graded 
scores for regional wall motion for each of the three observers were av- 
eraged and then compared. Regional wall motion scores for the gated 
blood pool study agreed within + 1 grade with scores for contrast ven- 
triculography in 338 of 402 segments (84 percent) studied with multigated 
acquisition and display, in 97 of 117 segments (83 percent) for the end- 
diastolic, end-systolic gated acquisition with motion display and in 99 of 
117 segments (83 percent) for the end-diastolic, end-systolic gated ac- 
quisition with photographic display. The multigated display was least 
accurate in scoring of the apical segment, the end-diastolic, end-systolic 
gated movie display in scoring of the inferior segment and the end-dia- 
stolic, end-systolic gated photographic display in scoring of the apical 
and septal segments. y 

Scoring based on multigated blood pool images had a significantly 
greater percent agreement with results of contrast ventriculography when 
segments were normal on contrast ventriculography (88 percent) than 
when they were abnormal (79 percent) (p <0.05). However, analysis of 
receiver operating characteristics demonstrated similar levels of diag- 
nostic accuracy for the three radionuclide blood pool imaging techniques 
in predicting abnormal wall motion on contrast ventriculography. Multi- 
gated cardiac blood pool imaging is a valid and accurate noninvasive 
means of detecting left ventricular regional wall motion abnormalities. 
End-diastolic, end-systolic gated blood pool imaging can be reliably used 
for regional wall motion determination when the equipment necessary 
for multigated acquisition is not available. 


Since its introduction in 1971,!:2 gated cardiac blood pool imaging has 
enjoyed widespread clinical application as a noninvasive means of 
evaluating regional wall motion.97 A variety of computer-assisted 
techniques are being developed for quantifying ventricular wall motion 
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abnormalities from gated cardiac blood pool images.9? 
However, in clinical practice, regional wall motion is 
assessed subjectively by visual interpretation of ven- 
tricular contraction patterns. Although gated radio- 
nuclide images have been compared with radiopaque 
contrast ventriculograms,!:!9!! the accuracy and va- 
lidity of gated imaging for the subjective evaluation of 
wall motion have not been critically evaluated by 
comparison with left ventricular angiography in a large 
series of patients. Furthermore, because the computer 
equipment required for multigated acquisition is ex- 
pensive and not universally available, the relative ac- 
curacy levels of the conventional end-diastolic, end- 
systolic gated method and the multigated method need 
comparison. 

We have conducted a study comparing the accuracy 
of multigated and end-diastolic, end-systolic gated ac- 
quisition in assessing regional wall motion. The end- 
diastolic, end-systolic method was further assessed by 
comparing the interpretation from a motion display 
with that from a display on Polaroid® film. | 


Methods 


Study patients: The study group comprised 124 patients 
(99 men and 25 women) who underwent gated cardiac blood 
pool imaging studies at rest ordered by their personal physi- 
cian for the evaluation of ventricular function, and who sub- 
sequently had left ventricular and coronary angiography. One 
hundred fourteen patients had significant coronary artery 
disease (stenosis 50 percent or larger in diameter) and 10 did 
not. The mean age was 52 + 9 years (range 31 to 68). Gated 
cardiac blood pool images were obtained within 1 week after 
cardiac catheterization. There was no change in either clinical 
course or medical therapy during the interval between imaging 
and cardiac catheterization. No patient had atrial fibrillation 
or more than two premature contractions/min. 

The patients were classified into two groups as follows: 
Group I, 40 patients who had cardiac blood pool imaging gated 
at end-diastole and end-systole (ED-ES gated), and Group 
II, 84 patients who had multigated cardiac blood pool imaging. 
The patients in Group I were studied chronologically before 
those in Group II. The two groups were comparable clinically, 
and there were no significant differences between the two 
groups in age, sex, extent of coronary disease or history of 
previous myocardial infarction. 

Techniques for gated cardiac blood pool imaging: All 
patients in Group I and 30 of those in Group II were given 20 
mCi of technetium-99m-labeled human serum albumin (New 
England Nuclear) intravenously. The remaining 54 patients 
in Group II were given 3 mg of stannous pyrophosphate (New 
England Nuclear) followed 30 minutes later by 20 mCi of 
technetium-99m pertechnetate intravenously to complete the 
red blood cell label. After equilibration of the blood pool 
tracer, patients underwent imaging in the anterior projection 
and in the left anterior oblique projection, which displayed 
the interventricular system most homogeneously from top to 
bottom (approximately 50° left anterior oblique). A conven- 
tional gamma camera with 37 photomultiplier tubes equipped 
with a high resolution parallel hole collimator was used for 
imaging. The pulse height analyzer was set at 140 keV with 
a 20 percent window. 

End-diastolic and end-systolic (ED-ES) gated images 
(Group I) were each collected for 60 to 80 ms intervals with 
electrocardiographic gating using a physiologic synchronizer 
(Brattle Instruments Corp., Cambridge, Massachusetts). 


ED-ES gated images were stored in the core memory of a 
PDP-9 computer system; however, no computer processing 
of images was performed. Two methods of display were 
compared. First, the digital images were displayed on an os- 
cilloscope and interpreted by switching back and forth be- 
tween end-diastolic and end-systolic images to provide a 
motion display. Second, the digital images were photographed 
from a3 inch (7.6 cm) oscilloscope screen onto Polaroid® film. 
The Polaroid photographs of the ED-ES gated images were 
analyzed together to determine wall motion. With use of cal- 
ipers, the distance between the endocardial heart border and 
the edge of the image was measured along a line drawn per- 
pendicular to the heart border. The differences in this mea- 
surement between end-diastole and end-systole were used to 
score subjectively the motion of each segment. 

Multigated data (Group II) were collected and processed 
using either an MDS Muga-Cart minicomputer (Medical Data 
Systems Corp., Ann Arbor, Michigan) or a VIP-450 Nuclear 
Medicine Data System (Ohio Nuclear Inc., Solon, Ohio). 
These systems allowed acquisition and storage of data se- 
quentially into 28 and 32 frame matrixes, respectively. Images 
were obtained throughout the cardiac cycle for a preset in- 
terval determined by dividing the R-R interval by 28 or 32. 
Scintigraphic data from all cardiac cycles were incrementally 
accumulated in each of the frames until a minimum of 200,000 
total counts were collected in each frame acquired. The du- 
ration of imaging ranged from 6 to 10 minutes. The multiple 
images were displayed sequentially for viewing and were an- 
alyzed in an endless loop cine format on the computer display 
oscilloscope or videomonitor. No computer processing of the 
individual images was performed. 

Contrast left ventriculography: All patients had left 
ventricular cineangiograms recorded in the cardiac cathe- 
terization laboratory at 60 frames/s in the 30° right anterior 
oblique projection. Ventriculograms were performed using 
50 cc of Renografin®-76 containing meglumine diatrizoate and 
sodium diatrizoate injected at 15 cc/s. Sixty-nine patients (19 
in Group I and 50 in Group II) also had ventriculograms per- 
formed in the 60? left anterior oblique projection. Ventricu- 
lograms were performed before coronary angiography. No 
patient received nitroglycerin before ventriculography. 

Wall motion analysis: Three observers independently 
graded segmental wall motion subjectively using the same 
grading scale for the contrast ventriculograms, multigated 
blood pool images and the ED-ES gated blood pool images 
with motion display. Two observers independently graded 
segmental wall motion using the caliper measurements for the 
ED-ES gated blood pool images with Polaroid photographic 
display. The observers were unaware of the patients' clinical 
findings or cardiac catheterization data. 

The left ventricular wall was subdivided into six segments 
(Fig. 1): The anterior or right anterior oblique projection in- 
cluded the anterolateral, apical and inferior segments. The 
inferior segment of the left ventricle could be distinguished 
from that of the right ventricle in almost all patients. When 
two distinct borders could not be distinguished, the inferior 
border of the cardiac silhouette was assumed to represent the 
inferior segments of the right and left ventricles. The left 
anterior oblique projection included the septal, apical-inferior 
and posterior segments. Each observer assessed the motion 
of each ventricular segment on the basis of a five point grading 
scale: 3 = normal, 2 = mild hypokinesia, 1 = moderate to se- 
vere hypokinesia, 0 = akinesia and —1 = dyskinesia. Half 
points in the grading system were used when an observer be- 
lieved that the motion of a segment was intermediate between 
two grades. Scores for the three observers were averaged for 


each segment. ; 
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Data analysis: The percent agreement in regional wall 
motion grade for each segment and method of gated acquisi- 
tion was calculated. The average wall motion score for the 
gated radionuclide approach was compared with that for the 
contrast ventriculogram as follows. Percent agreement for 
each radionuclide method in comparison with contrast ven- 
triculography wgs determined by tallying the number of scores 
that differed by a grade of 0.5 or less and also by tallying the 
number of scores that differed by 1 grade or less. This analysis 
was repeated for only those segments scored normal or near 
normal (higher than 2) on contrast ventriculography, and 
repeated again for only those segments scored abnormal (2 or 
less) on contrast ventriculography. 

The diagnostic accuracy of the radionuclide blood pool 
image for abnormal regional wall motion (score 2 or less) in 
relation to results of contrast ventriculography was deter- 
mined by calculating the true positive fraction [true posi- 
tives/(true positives plus false negatives)] and the false posi- 
tive fraction [false positives/(false positives plus true nega- 
tives)]. These values were calculated for a blood pool image 
score of 0 or less, 1 or less and 2 or less and were used to con- 
struct a receiver-operating characteristic curve for the regional 
wall motion determined with blood pool imaging.!? 

Differences in percent agreement with contrast ventric- 
ulography between segments or between methods were ana- 
lyzed using the Fisher exact test for significance. Correlation 
coefficients were compared using a natural logarithm trans- 
formation.!? 

Differences between individual observer scores were ana- 
lyzed by a two way analysis of variance. Variations in regional 
wall motion interpretation were expressed as + 1 standard 
deviation. Variances between two techniques were compared 
using an F test. 


Results 


Comparison of radionuclide and contrast ven- 
triculography: Figure 2 demonstrates the percent 
agreement (within + 1 grade) for regional wall motion 
scores determined with the contrast left ventriculogram 


Ant 


FIGURE 1. Left column, schematic 
drawings demonstrating the six left 
ventricular segments analyzed (AL = 
anterolateral; AP = apical; INF = in- 
ferior; SEP = septal; Al = apical-infe- 
rior; POST = posterior). Middle and 
right columns, Polaroid photographs of 
end-diastolic (middle) and end-systolic 
(right) gated cardiac blood pool images 
demonstrating normal left ventricular 
regional wall motion. Ant = anterior; 
LAO = left anterior oblique. 
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and (1) multigated blood pool images, (2) end-diastolic, 
end-systolic (ED-ES) gated blood pool images with 
motion display, and (3) ED-ES gated blood pool images 
with Polaroid photographic display. Examination of 
percent agreement within + 1 grade reveals the fol- 
lowing: (1) There was no significant difference among 
the six segments assessed with multigated imaging; (2) 
with the ED-ES gated technique percent agreement was 
significantly lower for the inferior segment than for the 
anterolateral, apical, apical-inferior and posterior seg- 
ments (p <0.05); and (3) with the ED-ES gated Polaroid 
method percent agreement was significantly lower for 
the septal than for the posterior segment (p <0.05). The 
only significant difference among the three techniques 
was between the multigated (87 percent) and ED-ES 
gated (65 percent) assessment of the inferior segment 
(p «0.05). When all segments were combined, there was 
no significant difference in overall percent agreement 
with the contrast left ventriculogram for the multigated 
(84 percent), ED-ES gated (83 percent) and ED-ES 
gated Polaroid (85 percent) methods. 

Figure 3 demonstrates the percent agreement within 
+ 0.5 grade for regional wall motion scores determined 
with the contrast left ventriculogram and the three 
blood pool techniques. Examination of percent agree- 
ment within + 0.5 grade revealed the following: (1) with 
the multigated technique, percent agreement was sig- 
nificantly lower for the apical segment than for the 
anterolateral segment (p <0.05); (2) with the ED-ES 
gated technique, percent agreement was significantly 
lower for the inferior segment than for the anterolateral, 
apical, apical-inferior and posterior segments (p «0.05); 
and (3) with the ED-ES gated Polaroid method, percent 
agreement was significantly lower for the apical segment 
than for the posterior segment (p <0.05). Comparison 
of methods reveals no significant differences either for 
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FIGURE 2. Percent agreement (within + 1 grade) for regional wall motion scores determined with contrast left ventriculography (LV GRAM) and 
(1) multigated blood pool imaging (MULTIGATE), (2) end-diastolic and end-systolic gated blood pool imaging with motion display (ED-ES GATE), 
and (3) end-diastolic and end-systolic gated blood pool imaging with photographic display (ED-ES GATE POLAROID). Segments abbreviated as 


in Figure 1. n = number of segments; p = probability. 


individual segments or for a combination of all six seg- 
ments. Figure 4 demonstrates for each segment the 
percent of regional wall motion scores obtained with 
multigated blood pool imaging that agreed (within + 1 
grade and within + 0.5 grade) with those obtained with 
contrast left ventriculography. Percent agreement was 
uniformly lower for scores that agreed within + 0.5 
grade compared with those that agreed within + 1 
grade. 

The studies performed with labeled albumin were 
compared with those performed with labeled red blood 
cells. There were no significant differences in agreement 
with contrast left ventriculography for studies per- 
formed with the two tracers. 

Normal versus abnormal ventricular segments: 
Figure 5 demonstrates the percent agreement of re- 
gional wall motion determinations obtained with the 
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three gated acquisition methods and those obtained 
with contrast ventriculography for all segments that 
were scored normal or near normal (higher than 2) on 
contrast ventriculography, and for all segments that 
were scored definitely abnormal (2 or less) on contrast 
ventriculography. Agreement was defined as a differ- 
ence in scores of + 1 grade. When the multigated ac- 
quisition approach was used, the percent agreement 
with contrast ventriculography was higher for normal 
segments (88 percent) than for abnormal segments (79 
percent) (p <0.05). With the ED-ES gated method, the 
percent agreement with contrast ventriculography was 
lower for normal segments (79 percent) than for ab- 
normal segments (91 percent) (p «0.05). In addition, 
percent agreement was higher for the multigated 
method (88 percent) than for the ED-ES gated method 
(79 percent) (p «0.05) for normal segments, whereas it 
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FIGURE 3. Percent agreement (within + 0.5 grade) for regional wall motion scores determined with contrast left ventriculogram (LV GRAM) and 
(1) multigated blood pool imaging (MULTIGATE), (2) end-diastolic and end-systolic gated blood pool imaging with motion display (ED-ES GATE), 
and (3) end-diastolic and end-systolic gated blood pool imaging with photographic display (ED-ES GATE POLAROID). Segments abbreviated as 


in Figure 2. 
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FIGURE 4. Percent agreement between regional wall motion scores 
for multigated blood pool imaging (MULTIGATE) and for contrast left 
ventriculography (LV gram) (1) when agreement is defined as a differ- 
ence between scores within + 1 grade, and (2) when agreement is 
defined as a difference between scores within + 0.5 grade. Segments 
abbreviated as in Figure 1. 


was lower for the multigated method (79 percent) 
compared with the ED-ES method (91 percent) (p 
<0.05) for abnormal segments. 

Figure 6 demonstrates the receiver-operating char- 
acteristics curve for the three radionuclide blood pool 
imaging techniques for predicting abnormal regional 
wall motion on contrast ventriculography. Values for 
the three techniques fall on the same receiver-operating 
characteristic curve. There were no significant differ- 
ences in the segmental wall motion scores of patients in 
Groups I and II. 

Table I lists the results of the least squares analysis 
for multigated blood pool imaging versus contrast left 
ventriculographic regional wall motion for each seg- 
ment. The correlation coefficient for the posterior seg- 
ment (r = 0.36, n = 50) was significantly lower than that 
for the other five segments (p <0.02), whereas that for 
the apical segment (r = 0.86, n = 84) was significantly 
higher than that for all segments but the apical-inferior 
segment (p «0.02). The correlation coefficient for the 
apical-inferior segment (r = 0.86, n = 50) was signifi- 
cantly higher than that for all but the apical and an- 
terolateral segments (p «0.02). 

Interobserver variance: Table II lists the interob- 
server variance for regional wall motion determined 
from the contrast ventriculogram and from multigated 
ED-ES gated blood pool images with motion display, 
and ED-ES gated blood pool images with Polaroid 
photographic display. With the multigated blood pool 
imaging method, interobserver variance multigated for 
the anterolateral, apical and posterior segments was 
lower (p <0.05), for the septal segment higher (p <0.05) 
and for the inferior and apical-inferior segments not 
significantly different from the variance for the corre- 
sponding segments in the contrast ventriculogram. With 
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FIGURE 5. Percent agreement for regional wall motion determination 
for three gated blood pool methods versus contrast left ventriculography 
(LV gram) for (1) all segments scored normal or near normal (higher than 
2) on left ventriculogram and (2) all segments scored abnormal (2 or 
lower) on left ventriculogram. Agreement is defined as within + 1 grade 
difference in scores. Other abbreviations as in Figure 2. 


the ED-ES gated blood pool image (motion display) 
technique, interobserver variance for the anterolateral, 
apical and posterior segments was lower (p <0.05), for 
the inferior segment higher (p <0.05) and for the septal 
and apical-inferior segments not significantly different 
from the variance for the corresponding segments in the 
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FIGURE 6. Receiver-operating characteristics curve for three radio- 
nuclide pool imaging techniques for predicting regional wall motion 
abnormalities on contrast ventriculography. The true positive (TP) 
fraction and false positive (FP) fraction were calculated for a blood pool 
image regional wall motion score 0 or less, 1 or less, and 2 or less. The 
points for all three radionuclide blood pool image techniques fall on the 
same curve. FN = false negative, TN = true negative. Other abbrevi- 
ations as in Figure 2. 
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TABLE | 


Least Squares Regression Analysis for Multigated Blood Pool Imaging Versus Contrast Left Ventriculography Regional Wall 


Motion Scores 


Ventricular Segment 


AL AP INF 


r 0.78 0.86 0.66 
p «0.0001 «0.0001 «0.0001 
n 84 84 84 


SEP Al " Post 
0.71 0.86 0.36 
«0.0001 «0.0001 «0.000 1 
50 50 50 


Al = apical inferior; AL = anterolateral; AP = apical; INF = inferior; n = number of segments; p = probability; Post = posterior; r = correlation 


coefficient; SEP — septal. 


contrast ventriculogram. With ED-ES gated blood pool 
imaging (Polaroid photographic display) interobserver 
variance for the anterolateral and apical segments was 
lower (p «0.05), and for the inferior, septal, apical-in- 
ferior and posterior segments not significantly different 
from the variance for the corresponding segments in the 
contrast ventriculogram. 


Discussion 


Gated cardiac blood pool imaging has found in- 
creasing use as a noninvasive means of visualizing global 
and regional contractile patterns of the left ventricle 
without the need for cardiac catheterization.9-7.14-17 
Previously, gated imaging techniques were limited to 
the acquisition of images in end-diastole and end-sys- 
tole. Recent improvements in computer technology 
permit the acquisition and display of images collected 
continuously throughout the cardiac cycle in a cine 
format.1$-?! Although both multigated and end-dia- 
stolic, end-systolic (ED-ES) gated imaging have been 
widely applied,®~’ the accuracy of these methods in 
evaluating regional wall motion has not been deter- 
mined in a large series of patients. 

Comparison of radionuclide and contrast ven- 
triculography: This study demonstrates that the 
agreement between multigated blood pool imaging and 
contrast ventriculography in the evaluation of regional 
wall motion ranges from 88 percent for the anterolateral 
wall to 82 percent for the apical wall when agreement 


TABLE Il 


is defined as a difference in scores within + 1 grade. 
Linear regression analysis also showed significant cor- 
relations between the regional wall motion scores ob- 
tained with tracer and contrast methods, although the 
correlation coefficient for the posterior segment (r — 
0.36) was low. Slopes for all of the regression lines in- 
dicated that the multigated images tend to underesti- 
mate wall motion abnormalities as demonstrated on 
contrast ventriculography, especially in relation to the 
posterior segment. Agreement between multigated 
imaging and contrast ventriculography was significantly 
better for regional wall motion interpreted as normal 
on contrast ventriculography compared with that in- 
terpreted as abnormal. 

Comparison between multigated and end-dia- 
stolic, end-systolic imaging methods: Although the 
multigated and ED-ES gated methods for regional wall 
motion determination were not applied to all patients, 
the patients studied by each technique were comparable 
clinically and angiographically. The overall percent 
agreement with contrast ventriculography of the re- 
gional wall motion determinations derived from the 
ED-ES gated blood pool images with motion display 
and the ED-ES gated Polaroid blood pool images was 
not significantly different from that of the multigated 
method. Only the inferior segments demonstrated a 
significantly lower percent agreement for the ED-ES 
gated method compared with the multigated method. 
Furthermore, the percent agreement with contrast 
ventriculography of the ED-ES gated method in as- 


interobserver Variance (+ 1 standard deviation) in the Evaluation of Left Ventricular Regional Wall Motion Using the Contrast 
Ventriculogram and Gated Blood Pool Images 


Ventricular Segment 


AL AP INF SEP Al Post ° 


LV-gram 0.38 0.49 0.35 0.31 0.48 0.41 
Multigate 0.29 0.39 0.35 0.49 0.49 0.36 
ED-ES gate 0.27 0.32 0.44 0.33 0.47 0.36 
ED-ES gate 

Polaroid 0.26 0.30 0.33 0.29 0.48 0.43 


Al = apical-inferior; AL = anterolateral; AP = apical. 
ED-ES gate = end-diastolic, end-systolic gated blood pool image with motion display; ED-ES gate Polaroid = end-diastolic, end-systolic gated 
blood pool image with Polaroid photographic display. Other abbreviations as in Table I. a 
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sessing abnormally contracting segments was signifi- 
cantly higher than that for the multigated method. 
Because multigated cardiac imaging permits continuous 
display of the heart throughout the cardiac cycle, one 
might have anticipated greater percent agreement with 
contrast ventriculography of this technique in com- 
parison with that of the two frame ED-ES gated tech- 
nique. However, our study demonstrates that percent 
agreement with contrast ventriculography in the sub- 
jective analysis of regional wall motion is not signifi- 
cantly better for multigated imaging than for ED-ES 
gated imaging. One explanation for this finding is that 
the two frame display mode (either motion display or 
Polaroid) provides striking contrast between end-sys- 
tole and end-diastole, making identification of abnormal 
wall motion somewhat easier. Similar receiver-operating 
characteristic curves for the multigated and ED-ES 
gated images also suggest that the two techniques are 
equally accurate in predicting abnormal regional wall 
motion. 

In our study, the interobserver variances for regional 
wall motion determined with contrast ventriculography 
and multigated blood pool imaging were similar to 
values previously reported from our laboratory.?? The 
interobserver variances in regional wall motion deter- 
minations for the multigated blood pool image were 
comparable with those for the contrast ventriculogram 
except in relation to the septum. Our study also dem- 
onstrates that interobserver variances for the ED-ES 
gated blood pool image with motion display were com- 
parable with those for the contrast ventriculogram ex- 
cept in relation to the inferior segment. For all segments 
assessed with ED-ES gated blood pool imaging (with 
Polaroid display) interobserver variance was compa- 
rable with that for corresponding segments in the con- 
trast ventriculogram. 

Advantages of multigated versus dual frame 
imaging: Although this study demonstrates that the 
overall accuracy levels of the two frame and multigated 
approaches are comparable for regional wall motion 
analysis, multigated imaging offers several potential 
advantages. Because it involves collection of images 
throughout the cardiac cycle, it is especially suited for 
studying patients with intraventricular conduction 
defects such as left bundle branch block and right 
ventricular cardiac pacemaker rhythm. Because these 
conditions may limit the accuracy of determining the 
time of end-systole from the electrocardiogram as ap- 
plied to two frame techniques, patients with left bundle 
branch block or a cardiac pacer were not included in our 
study. In addition, multigated imaging permits visual- 
ization of details of cardiac motion not possible with 
dual frame imaging. The velocity of segmental con- 
traction during systole and rapidity of left ventricular 
relaxation during diastole may be evaluated. 

Causes of differences between radionuclide and 
contrast ventriculography: The differences between 
regional wall motion determined with gated blood pool 
imaging and with contrast ventriculography are prob- 
ably due to several factors. First, there is significant 
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interobserver variability in assessment of regional wall 
motion from both gated blood pool images?? and con- 
trast ventriculograms.?? Second, the resolution of gated 
imaging for the delineation of left ventricular borders 
is less than the resolution afforded by contrast ven- 
triculography. Third, gated images display the entire 
blood pool, whereas contrast left ventriculograms dis- 
play only the left ventricle. Thus, blood pool images 
obtained in the anterior or right anterior oblique pro- 
jection may be difficult to interpret because of super- 
imposition of the right ventricle on the left ventricular 
cavity. Finally, the radionuclide and contrast ap- 
proaches were performed in somewhat different pro- 
jections. The radionuclide images were collected in the 
anterior and 50? left anterior oblique projections, 
whereas the contrast ventriculograms were obtained in 
the 30? right anterior oblique and 60? left anterior 
oblique projections. In addition, minor differences in 
the degree of left anterior obliquity for the blood pool 
studies were necessary in order to optimize definition 
of the interventricular septum. Thus, the precise left 
ventricular segment assessed by the radionuclide study 
may have differed slightly from the segment assessed 
by the contrast study. In spite of this, the correlation 
between the radionuclide study and the contrast study 
was high. 

In this study, the inferior segment of the left ventricle 
could almost always be distinguished from the inferior 
segment of the right ventricle despite some superim- 
position of right ventricle over left ventricle. When two 
distinct borders could not be distinguished, the inferior 
border of the cardiac silhouette was assumed to repre- 
sent the inferior segments of the right and left ventri- 
cles. T'he validity of this technique for identifying the 
inferior segment of the left ventricle is supported by the 
good percent agreement between the wall motion scores 
determined by the radionuclide and contrast tech- 
niques. 

Implications: The overall accuracy of subjective 
determination of regional wall motion is high by the 
gated blood pool scan compared with that of contrast 
left ventriculography. Both the multigated method and 
the end-diastolic, end-systolic gated method displayed 
with either oscilloscopic motion format or Polaroid film 
are comparable except for the assessment of inferior 
wall motion. Because of the several advantages of the 
multigated approach, we favor it over the two frame 
approach. However, when a computer necessary for 
obtaining multigated images is not available, the two 
frame approach is satisfactory for evaluating regional 
wall motion at rest and is considerably less expensive. 
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A specially designed cardiac probe was used to evaluate beat to beat 
changes in left ventricular performance caused by premature ventricular 
contractions in four open chest dogs and 15 patients with various cardiac 
disorders. After intravenous injection of 15 to 20 mCi of technetium-99m 
serum albumin, left ventricular time-activity curves were obtained by 
positioning the probe over the left ventricular area in a 40? lateral anterior 
oblique projection with a 10 to 20^ caudad tilt. Correct positioning was 
found by maximizing both the stroke counts and the end-diastolic counts. 
In the animal experiments, data generated by the probe were displayed 
side by side with left ventricular pressure, aortic pressure and aortic flow. 
Increases or decreases in stroke volume measured with the flowmeter 
correlated well with those measured with the cardiac probe. In the pa- 
tients, the relative standard deviation of filling volumes, stroke volumes 
and ejection fractions of the sinus beats was 16 + 5 percent, 14 4 5 
percent and 12 + 5 percent, respectively. The premature ventricular 
contractions manifested end-systolic volume greater than, equal to or less 
than that of sinus beats. The filling volume, stroke volume and ejection 
fraction of these contractions were 51 + 21 percent, 57 + 17 percent and 
45 + 19 percent lower, respectively, than those of the sinus beats. In the 
compensatory sinus beats stroke volume and ejection fraction were 20 
+ 27 percent and 26 + 12 percent higher, respectively, than those in the 
sinus beats; however, the filling volume of these beats was essentially 
equal to that of the sinus beats. 


Nuclear techniques provide a simple noninvasive means of studying left 
ventricular performance. Camera-computer systems have been used 
most often with these methods. By synchronizing the camera-computer 
system with the electrocardiogram, it is possible to image ventricular 
volumes and wall motion throughout the cardiac cycle in multiple frames 
that can be displayed in a motion picture mode or graphically as left 
ventricular time-activity curves. A series of systolic and diastolic mea- 
surements can be derived from these curves.! The camera-computer 
systems are usually not sensitive enough to describe accurately the left 
ventricular performance on a beat to beat basis. A specially designed 
thallium-activated sodium iodide crystal fitted with a single hole con- 
verging collimator is a sensitive device for monitoring left ventricular 
function on a beat to beat basis.?? The application of this cardiac probe 
has now been extended to validation experiments in dogs, to the study 
of the variability of sinus beats in patients with cardiac disorders and 
to the evaluation of left ventricular function during premature ven- 
tricular contractions in these patients. This report describes the results 
of these studies. 


Methods 


Experiments in dogs: Our studies in dogs were performed at the end of ex- 
periments designed for other purposes, when the animals were having naturally 
occurring premature ventricular contractions. In four mongrel dogs (approxi- 
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mately 20 kg body weight) anesthetized with 30 mg/kg body 
weight of sodium pentobarbital injected intravenously, a mid- 
line thoracotomy had been performed and the chest opened 
under artificial respiration. An electronic flowmeter 
(Biotronics Flow Probe) had been placed around the as- 
cending aorta. The carotid artery had been cannulated and 
two pressure transducers (Millar or polyethylene catheter) 
inserted, one in the left ventricle and the other in the aortic 
root as close as possible to the aortic valve plane. The aortic 
pressure, left ventricular pressure, aortic flow and electro- 
cardiographic tracings could be obtained simultaneously with 
an oscillographic recorder (Electronics for Medicine). Each 
dog was injected intravenously with 15 mCi of technetium- 
99m serum albumin 10 minutes before the measurements were 
taken. 


A beat to beat left ventricular time-activity curve was 
generated with a cardiac probe (Nuclear Stethoscope™ model 
3000, Bios, Inc.) that consisted of a 5.08 cm thallium-activated 
sodium iodide crystal with a converging collimator. Count rate 
changes within the field of view of the detector were measured 
with a temporal resolution of 50 ms and displayed on a video 
screen. The probe was positioned over the left ventricle by 
maximizing end-diastolic count rate and stroke counts. 
Background counts were obtained by moving the probe to the 
left until no stroke counts were observed. A simultaneous re- 
cording of the electrocardiogram, time-activity curve, aortic 
flow, left ventricular pressure and aortic pressure was ob- 
tained. Throughout this report the terms stroke volume, 
end-diastolic volume, end-systolic volume and filling volume 
will be used for stroke counts, end-diastolic counts, end-sys- 
tolic counts and filling counts.* 

Studies in human beings: Beat to beat monitoring was 
performed in 15 patients (aged 33 to 88 years, mean 62) with 
premature ventricular contractions. Five patients had hy- 
pertension, five myocardial infarction, three coronary artery 
disease, one left bundle branch block and one nonspecific 
cardiomyopathy. All subjects received an intravenous injec- 
tion of 20 mCi of technetium-99m human serum albumin. 
After 10 minutes, measurements of left ventricular perfor- 
mance were begun using the cardiac probe. The probe was 
placed over the left ventricular area in a 40? left anterior 
oblique projection with a 10? to 20? caudad tilt. The correct 
position was found by moving the probe around the left ven- 
tricular area until both the end-diastolic volume and the 
stroke volume were at maximal level. Background counts were 
obtained by. moving the probe laterally in the horizontal plane 
until a point of nonperiodicity of the curve was first reached. 
By means of a dual strip chart recorder (Gould Brush 220), 
left ventricular time-activity and electrocardiographic curves 
were displayed side by side. 

Figure 1 represents a typical left ventricular time-activity 
curve obtained with the cardiac probe. Throughout this re- 
port, we define the beginning of the cardiac cycle as the time 
of minimal left ventricular volume. From the left ventricular 
time-activity curve, ejection fraction (EF), filling volume (FV) 
and stoke volume (SV) were derived according to the following 
equations: 


[End-diastolic counts (EDV)] 
p2- [End-systolic counts of the same beat (ESV;)] 
[End-diastolic counts (EDV)] — [Background counts]. 
X 100 percent 


FV = [End-diastolic counts (EDV)] 
— [End-systolic counts of the previous beat (ESV;)]. 


SV = [End-diastolic counts (EDV)| 
— [End-systolic counts of the same beat (ESV;)]. 


For each patient, the mean value of these variables from a 
series of sinus beats was obtained together with relative 
standard deviation 


RSD - LN X 100 percent |* 
mean 


In the case of premature ventricular contractions or com- 
pensatory sinus beats (beats that followed a compensatory 
pause), the mean values of these variables were expressed as 
a percent change from the mean value of that patient's sinus 
beats, that is, 


percent change from mean = m: X 100 percent 
percent change from mean = T X 100 percent, 


where PVC = mean value of that patient's premature ven- 
tricular contractions, CB = mean value of that patient's 
compensatory sinus beats and S = mean value of that patient's 
sinus beats. 

The mean and standard deviation were calculated for all 
the relative standard deviations and all the percent 
changes. 


Results 


Experiments in dogs: Figure 2 illustrates the rela- 
tion between increases or decreases in stroke volume as 
measured with the flowmeter and the increases or de- 
creases in stroke volume of the time-activity curve. For 
example, when one of the beats (beat 7) in a dog with 
premature ventricular contractions did not increase the 
left ventricular pressure above the aortic diastolic 
pressure, no ejection occurred, as demonstrated by the 
absence of both aortic flow and stroke volume. Beat 8, 
a compensatory sinus beat, was associated with an aortic 
flow and a stroke volume greater than normal. In beat 
9, the ventricular contraction increased the left ven- 
tricular pressure just above the level of aortic pressure 
and resulted in a small aortic flow and a small stroke 
volume. 

Studies in human beings: Figure 3 illustrates a left 
ventricular time-activity curve recorded simultaneously 
with the electrocardiogram in a patient with premature 
ventricular contractions. 

Table I displays the relative standard deviations of 
the left ventricular variables in the sinus beats in the 
patients and, for comparison, those found in a group of 
15 male volunteers studied for other purposes in our 
laboratory. Wider variation of these variables was found 
in the patients than in the volunteers. 

Table II shows the percent changes in three left 
ventricular variables from their mean value in the sinus 
beats with the occurrence of premature ventricular 
contractions and compensatory sinus beats. With pre- 
mature ventricular contractions, the three variables 
were lower than in the sinus beats. In the compensatory 
sinus beats, stroke volume and ejection fraction were 
higher than in the sinus beats; however, filling volume 
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FIGURE 1. Left, beat to beat left 
ventricular time-activity curve ob- m" 
tained with the cardiac probe. Right, 41 
one cardiac cycle with definition of 
some left ventricular variables. EDV 
= end-diastolic volume; ESV; = . 
end-systolic volume of the previous 
beat; ESV, = end-systolic volume 
of the same beat; FV = filling vol- 
ume; SV = stroke volume. 


FIGURE 2. Relation between the stroke volumes 
“Of the time-activity curve and other left ventricular 
variables measured in a dog with premature 
ventricular contractions (data retraced from the 
original). AP = aortic pressure; ECG = electro- 
cardiogram; LVP = left ventricular pressure; LV 
volume = time-activity curve. 
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showed essentially no change from the mean value of the 
sinus beats. 

Figure 4 illustrates three types of emptying observed 
with the premature ventricular contractions: (A) to an 
end-systolic volume higher than that of the sinus beats, 
a pattern observed in 75 percent of the patients; (B) to 
the same end-systolic volume as that of the sinus beats 
(69 percent of the patients); and (C) to an end-systolic 
volume lower than that of the sinus beats (18 percent 
of the patients). 


Discussion 


Most of our current knowledge about premature 
ventricular contractions is based on electrocardio- 
graphic studies in human beings and hemodynamic 
studies in animals. Noninvasive measurements of global 
ventricular performance of premature beats in human 
beings have not been possible until recently. Although 
camera-computer systems are useful for detecting global 
or regional left ventricular dysfunction, they are usually 
too insensitive to monitor ventricular function on a beat 
to beat basis. Furthermore, these systems are not suited 
for continuous bedside monitoring. 

The cardiac probe has provided a means of moni- 
toring left ventricular function on a beat to beat basis, 
either in the laboratory or at the patient’s bedside, and 
is suitable for monitoring arrhythmias. Previous ex- 
periments from this laboratory? have shown a close 
correlation (r = 0.95) between stroke volume generated 


TABLE | 


Relative Standard Deviation of Left Ventricular Variables 
for Sinus Beats in the Patients and Volunteers 


Patients Volunteers 

(n = 15) (n = 15) 
Filling volume 16+ 596* 12+ 4% 
Stroke volume 144+ 5% 11+3% 
Ejection fraction 12+5% 9+2% 


* Mean +1 standard deviation. 
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FIGURE 3. Time-activity curve with 
simultaneous electrocardiogram in 
a patient with premature ventricular 
contractions. The electrocardio- 
gram has a 30 ms delay in relation 
to the time-activity curve. 





by the cardiac probe and flowmeter measurements in 
dogs. Our results have demonstrated that in the pres- 
ence of premature ventricular contractions in dogs, 
changes in stroke volume measured with the flowmeter 
corresponded to changes in stroke volume measured 
with the cardiac probe. 

Ventricular performance during premature 
contractions: In this study it was possible to quantify 
in human beings the degree to which premature ven- 
tricular contractions affected ventricular performance. 
For each sinus beat and premature beat, we measured 
filling volume, stroke volume and ejection fraction. In 
the 15 patients with a variety of cardiac disorders, these 
ventricular indexes were usually lower for the premature 
beats than for the sinus beats. On average, filling volume 
was 51 percent lower, stroke volume 57 percent lower 
and ejection fraction 45 percent lower. Our finding of 
diminished ventricular performance as evidenced by 
volume measurements is consistent with the findings 
of diminished aortic pressure associated with premature 
ventricular contractions.9? 

Ventricular performance during compensatory 
sinus beats: In our patients, stroke volume and ejection 
fraction were 29 and 26 percent greater, respectively, 
in the compensatory sinus beats than in the regular 
sinus beats. Filling volume showed a wide variation 
between positive and negative percent changes and the 


TABLE Il 


Effect of Premature Ventricular Contractions and 
Compensatory Sinus Beats on Left Ventricular Variables , 
(percent change from values of patients' sinus beats) 


Premature 
Ventricular Compensatory 
Contractions Sinus Beats 
Filling volume =—§1+ 21%" —0.27 + 21% 
Stroke volume —57 + 17% +29 + 27% 
Ejection fraction —45+ 19% +26 + 12% 
* Mean +1 standard deviation. i 


June 1980 The American Journal of CARDIOLOGY Volume 45 


A B 


| 
| 
| 
| 


LEFT VENTRICULAR FUNCTION IN PREMATURE BEATS- CAMARGO ET AL. 





FIGURE 4. Types of emptying of the premature ventricular contractions: A, with an end-systolic volume higher than that of sinus beats; B, with 
an end-systolic volume equal to that of sinus beats; C, with an end-systolic volume lower than that of sinus beats. 


overall mean value represented essentially no change 
from the mean value of the sinus beats. 

Ventricular performance related to coupling 
interval of premature beat: We tried to relate stroke 
volume to the duration of the R-R interval preceding 
each premature ventricular contraction. Maaske and 
Bromberger-Barnea? studied the ventricular pressure 
response in isolated dog hearts to electrical stimulation 
at different times after the QRS complex. They ob- 
served an absolute refractory period, followed by pro- 
gressively increasing ventricular pressure responses as 
the time after the QRS complex increased. At times we 
observed that the shorter the preceding R-R interval, 
the smaller the stroke volume. However, we were unable 
to predict stroke volume from the preceding R-R in- 
terval alone. There are several possible reasons why we 
were unable to show a simple relation between these two 
variables. Other factors such as the volume of the left 
ventricle at the time of the premature ventricular con- 
traction have an effect on stroke volume. Also, many of 
the patients had multifocal premature ventricular 
contractions that might be expected to cause different 
pressure and volume responses of the left ventricle.’ 

We observed that the end-systolic volume of pre- 
mature ventricular contractions might be greater than, 
equal to or less than that of the sinus beats. From our 
study, it is not clear whether these different types of 
emptying are related to different foci of stimulation, 


different degrees of prematurity or a combination of 
these factors. 

Clinical applications: We believe that beat to beat 
monitoring of the performance of the left ventricle 
during premature ventricular contractions may have 
potential clinical usefulness. For example, the filling 
volume of the compensatory sinus beats showed es- 
sentially no change from the mean value of the sinus 
beats, and yet the stroke volume of the former was 29 
percent greater than that of the sinus beats. This finding 
suggests that in our patients an increased force of left 
ventricular contraction was more important than in- 
creased left ventricular volume as a compensatory 
mechanism for the hemodynamic changes caused by the 
premature ventricular contractions. It is conceivable 
that the ventricular response during compensatory 
sinus beats may provide additional information of 
prognostic value about the condition of the ventricular 
muscle. 

At present, left ventricular pressure monitoring in- 
volves the use of cardiac catheterization with its asso- 
ciated risks. Recent work in our laboratory on the 
mathematical differentiation of left ventricular time- 
activity curves has provided a noninvasive method of 
obtaining left ventricular pressure curves. As a result, 
noninvasive monitoring of both left ventricular pressure 
and volume changes in patients with premature ven- 
tricular contractions may be feasible in the future. 
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To determine the mechanisms of the cardiac arrhythmias frequently 
seen after the Mustard operation for transposition of the great arteries, 
intracardiac electrophysiologic studies were performed in 52 children 
1 to 8 years after the Mustard operation. Sinus nodal automaticity as 
judged from the response to rapid atrial pacing was abnormal in 28 of the 
52 children. Sinoatrial conduction (conduction of the sinus impulse to the 
atrium) was found to be abnormal in three of nine patients studied with 
the atrial extrastimulus method. Conduction of the sinus impulse from the 
high right atrium to the atrioventricular (A-V) node was abnormally de- 
layed in only 2 of 41 subjects. The low lateral wall of the right atrium was 
depolarized late in 3 of 11 subjects (including the preceding 2). Two 
subjects showed delayed A-V nodal conduction and one delayed His- 
Purkinje conduction. The mechanism of supraventricular tachycardia 
induced in the laboratory was determined to be sinoatrial nodal reentry 
in four subjects and atrial muscle reentry in four. Two of the four with atrial 
muscle reentry had prolonged high right atrium to low lateral right atrium 
intervals during sinus rhythm. 

Thus, damage to the sinus node remains the most common cause of 
arrhythmias after the Mustard operation. In addition, delayed atrial con- 
duction may predispose to atrial muscle reentrant tachycardia. 


The Mustard operation is the standard against which other types of 
intracardiac repair of transposition of the great arteries must be com- 
pared. In most instances it achieves an excellent hemodynamic result.! 
The Senning operation, its modifications and arterial inversion opera- 
tions have been proposed to achieve better hemodynamic or electro- 
physiologic results. One of the most serious problems after the Mustard 
operation is the brady-tachydysrhythmia syndrome. These arrhythmias 
were first noted by El-Said et al.? in 1972 to resemble the sick sinus 
syndrome seen in adults. Pathologic and electrophysiologic studies have 
confirmed sinus nodal abnormalities in a small number of patients.2-10 
However, there has remained controversy as to whether sinus nodal 
damage or damage to the atrial conduction pathways is responsible for 
arrhythmias occurring late after the Mustard operation.9.11-13 

In this paper we report the electrophysiologic findings in a series of 
52 patients studied with catheter electrophysiologic techniques 1 to 8 
years (mean 2.5 years) after the Mustard operation. 


Methods 


Study patients: Forty-five of the 52 patients were randomly selected from 
128 patients who survived the Mustard operation between 1967 and 1975. Seven 
were selected for study because of symptomatic arrhythmias. Their ages at op- 
eration ranged from 14 months to 18 years (mean 2.6 years). The surgical tech- 
niques used in these patients have previously been reported.!4-16 Seven patients 
had closure of a ventricular septal defect at the time of the Mustard opera- 
tion. 
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TABLE | 


Mean Electrophysiologic Values (ms) for the Patients With Normal Hemodynamics, Patients With Transposition Before the 
Mustard Operation, and Patients After the Mustard Operation* 


Age CPRT P-R HRA- 
n (yr) SCL CPRT  SACT Site LRA 
Normal 27 4.8 604 135 124 Sinus 144 24 
(n = 20) 
TGA Ag’ 25 ~503 . 126 1 Sinus 148 23 
Postop 52 5.1 842 352 142 Sinus 37; 150 28 
(n= 12)  junct 10; 
atrial 5 


LRA- AVN AVN HRA- 
H H-V AERP AFRP ERP FRP LLRA 
75 41 199 209 216 328 14 
(n= 20) (n=20) (n= 16) (n= 20) (n= 18) 

77 TT ny: Saas Pb 12 
(n — 9) 

79 38 203 217 222 320 24 
(n= 12) (n= 12) (n28) (n= 12) (n= 11) 


CREME ce dh dE ————ÀÁ']aa eaa. aca. An Lh LL n n nO MAS ASA M 


* For some intervals the number of patients studied was different from that of the main group. This is indicated as (n = ) under the value. 
AERP = atrial effective refractory period; AFRP = atrial functional refractory period; AVNERP = A-V nodal effective refractory period; AVNFRP 
= A-V nodal functional refractory period; CPRT = corrected pacemaker recovery time; HRA-LLRA = high right atrium to low lateral right atrium 


interval; HRA-LRA = high right atrium to low right atrium conduction interval; H-V = His bundle to ventricle interval; junct = 
fter Mustard operation; P-R = P-R interval from the surface electrocardiogram; SACT = sinoatrial 


= low right atrium to His bundle interval; Postop = 


junctional; LRA-H 


conduction time; SCL = sinus cycle length; TGA = transposition of the great arteries. 


Catheter electrophysiologic procedures: After giving 
informal consent, the patients underwent cardiac catheter- 
ization in the postabsorptive state. They were sedated with 
meperidine, 2 mg/kg body weight, chlorpromazine, 0.5 mg/kg 
and promethazine, 0.5 mg/kg. Digoxin and other cardioactive 
medications were withheld for at least 36 hours before oper- 
ation. In each patient one catheter was introduced into a 
femoral vein percutaneously. In 10 subjects a second catheter 
was inserted percutaneously into a brachial vein. One qua- 
dripolar catheter with an interelectrode distance of 3 mm was 
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positioned at the high right atrial-superior vena caval junction 
in all subjects. In 41 subjects a multipolar catheter with in- 
terelectrode distances of 1 to 3 mm was positioned for re- 
cording the His bundle potential. In 30 subjects this was ac- 
complished with the catheter behind the baffle at the atrial- 
left ventricular junction with counterclockwise rotation. In 
seven subjects a loop was formed in the catheter in the left 
ventricle, with the tip advanced toward the pulmonary artery, 
and the His bundle potential was recorded from the left ven- 
tricular septal surface. In four subjects a retrograde arterial 


FIGURE 1. Top panel, surface electrocardiographic leads 
|, I| and Ill recorded simultaneously with three His bundle 
electrograms (HBE) during sinus rhythm in a patient (S.F.) 
before the Mustard operation. Bottom panel, leads |, II and 
Ill together with a high right atrial electrogram (HRA) at 
the cessation of pacing. The sinus recovery cycle length 
(575 ms) minus the prepacing sinus cycle length (CL) (550 
ms) gives the corrected pacemaker recovery time 
(CPRT) which in this case is also the corrected sinus nodal 
recovery time (25 ms). FAP = femoral arterial pressure; 
H = His bundle depolarization; LRA = low right atrial 
depolarization; V = ventricular muscle depolarization. 
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approach was used to obtain the His potential with the cath- 
eter either just below the aortic valve or across the tricuspid 
valve from the right ventricle. 

Atrial pacing was performed with a stimulus duration of 
2 ms and a strength of twice threshold from the distal pair of 
electrodes. 

Measurements: The corrected pacemaker recovery time 
was calculated in 52 subjects by subtracting the resting cycle 
length measured before the start of the first pacing period 
(average 10 beats/min) from the initial postpacing recovery 
cycle length after pacing at a rate faster than the patient's 
inherent rate for 30 seconds to 3 minutes. In 11 subjects 
studied more recently, five to eight different cycle lengths, 
from just above the resting cycle length to 200 beats/min, were 
selected. The longest corrected pacemaker recovery time was 
reported for each patient. The sinoatrial conduction time was 
calculated with the method of Strauss et al.!? as applied to 
children by Kugler et al.18 

Conduction intervals from the high right atrium to the low 
atrium, from the low atrium to the His bundle and from the 
His bundle to the ventricle were measured using previously 
described techniques. Conduction from the high to the low 
atrium, through the atrioventricular (A-V) node and His- 
Purkinje system was also evaluated during high right atrial 
pacing at a rate slightly above the resting rate to 200 beats/min 
in 41 subjects. Conduction to other parts of the atrium (left 
atrial appendage, low lateral right atrium) was also recorded 
in 11 subjects. Refractory periods were determined in 10 
subjects with standard techniques.!? The mechanism of any 
supraventricular tachycardia observed was determined by 
criteria previously reported from this laboratory.2° 

Data analysis: These data were compared using Student’s 
t test with data from equivalent studies in 40 subjects with 
transposition of the great arteries who had not had the Mus- 
tard operation and in 27 subjects with completely normal 
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anatomy and hemodynamic status. Eight of the patients with 
transposition also had ventricular septal defect and four had 
pulmonary stenosis. Seven of the patients studied after the 
Mustard operation had both preoperative and postoperative 
evaluation. 


Results 


Corrected pacemaker recovery time: The results 
are summarized in Table I. Forty-eight subjects had 
sinus rhythm at the beginning of the catheter study; 
four had junctional rhythm. The corrected pacemaker 
recovery time ranged from 25 to 1,300 ms (mean 352 + 
45 ms [standard error of the mean]). This was signifi- 
cantly greater (p <0.001) than the value in the normal 
subjects (mean 135 + 65 ms) and in the patients with 
transposition studied before the Mustard operation 
(mean 126 + 23) (Fig. 1 and 2). Twenty-three subjects 
had corrected pacemaker recovery time values greater 
than 250 ms, the upper limit of normal in our laboratory, 
whereas all of the normal subjects and patients studied 
before the Mustard procedure had corrected pacemaker 
recovery time values less than 250 ms. Fifteen of the 52 
subjects studied after the Mustard operation had an 
escape beat of nonsinus nodal origin as judged from the 
P wave configuration and intracardiac electrograms, 
whereas in all of the normal subjects and patients 
studied before the Mustard operation the escaped beat 
was a sinus beat. Twenty-eight (58 percent) of the 52 
patients studied after the Mustard operation had either 
a corrected pacemaker recovery time value greater than 
250 ms or an escape beat of nonsinus nodal origin, or 
both. 








FIGURE 2 2. Same format and patient 1 year after the Mustard operation and closure of a ventricular septal defect. At the cessation of pacing, the 
escape beats from the sinus node and the atrioventricular junction were nearly simultaneous, resulting in a corrected sinus nodal pacemaker recovery 


time CPRT 600 ms longer than the preoperative value. 
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Conduction from the sinus node to the low atri- 
um: This interval, evaluated by the conduction time 
from the high right atrium to the low atrium was not 
statistically significantly different in the group studied 
after the Mustard operation from that in the other two 
groups. In two patients studied after the Mustard op- 
eration values were greater than 40 ms, the upper limit 
of normal in our laboratory. 

Conduction through the A-V node (low atrium 
to His bundle) and His-Purkinje system (His bundle 
to ventricle): These intervals were also not significantly 
different from the values in the normal group or the 
group with transposition. In two subjects the interval 
from the low atrium to the His bundle was longer than 
the normal value of 60 to 120 ms. One subject had a His 
bundle to ventricle interval greater than the normal 
values of (30 to 55 ms). 

High to low lateral right atrial interval: In 3 of the 
11 subjects in whom multiple atrial sites were recorded, 
an abnormal delay was found between the high right 
atrium and the low lateral right atrium (Fig. 3). In the 
normal subjects, this interval is very short (25 ms or 
less). Eight of our subjects had values of 25 ms or less, 
but three had values of 30, 45 and 100 ms, respectively. 
The two subjects with the longest values were the same 
two who had a prolonged high right atrium to low atri- 
um interval. 

In each patient 1:1 conduction from the pacing site 
in the high right atrium near the sinus node to the 
ventricle was maintained up to 180 beats or more/ 
min. 

Supraventricular tachycardia: Tachycardia was 
induced in nine subjects by either atrial pacing or the 
atrial extrastimulus method. On the basis of previously 
reported criteria,?? the mechanism was due to reentry 
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in eight. The site of reentry was the sinus node in four 
and the atrial muscle in four. In three of the four with 
atrial muscle reentry, the rate (300 beats/min) and P 
wave configuration were consistent with atrial flutter. 
The fourth subject with atrial muscle reentry was one 
of the subjects with delayed conduction into the low 
lateral right atrial area. He had tachycardia with an 
atrial rate of 170 beats/min. In one patient, the mech- 
anism of the tachyarrhythmia was not determined. 

Preoperative versus postoperative values: Of the 
seven patients who were studied both before and after 
the Mustard operation, none showed a significant in- 
crease in the high to low atrium, low atrium to His or His 
to ventricle conduction times. Preoperatively, each 
showed sinus nodal escape after atrial pacing, with 
normal corrected pacemaker recovery time (range 30 to 
175 ms, mean 96 + 21 ms). Postoperatively, two had 
junctional escape after atrial pacing. One patient had 
a shorter corrected pacemaker recovery time after the 
Mustard operation (50 ms versus 150 ms preoperatively. 
This interval increased postoperatively in the other six 
patients (mean value 215 + 43 ms), and in three it was 
abnormally prolonged. Thus, four of the seven had an 
abnormal value postoperatively, although each had a 
normal interval before operation. 

One patient had a prolonged atrial refractory period. 
Two subjects had an abnormally long sinoatrial con- 
duction time and one additional patient had qualita- 
tively abnormal sinoatrial conduction as demonstrated 
by complete sinoatrial entrance block.!? 


Discussion 


Sinus nodal damage: The study confirms our earlier 
postulation that sinus nodal damage rather than in- 
ternodal conduction block is responsible for the bra- 
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FIGURE 3. Surface leads |, aVF and V , recorded simultaneously with one high right atrial (HRA), one low lateral right atrial (LLRA) and three His 
bundle electrograms (HBE) during high right atrial pacing at a cycle length of 690 ms, during a premature stimulus at 210 ms and a sinus beat. The 
high right atrium to low lateral right atrium conduction time is prolonged on the sinus beat to 50 ms and further prolonged on the premature beat 


to 150 ms. 
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dyarrhythmias often associated with the Mustard op- 
eration.2:3,5:13.14 In only 2 of 41 instances was there an 
abnormal prolongation of conduction from the high 
right atrium to the low atrium and in these instances the 
prolongation was only slight. 

Atrial muscle reentry: A new and preliminary 
finding of this study was that of isolated pockets of de- 
layed conduction in the atria, particularly the low lateral 
right atrium, which is one of the earliest sites activated 
in the normal heart. Thus, although conduction time 
was normal from the sinus nodal area to the A-V nodal 
area, it was delayed in some subjects from the sinus 
nodal area to the low lateral right atrium. This finding 
confirms that the delayed conduction found by Wittig 
et al.!? during the Mustard operation persists well into 
the postoperative period in at least a few subjects. This 
may be an important determinant of the tachyar- 
rhythmias after the Mustard operation, because half of 
them were found to be due to intraatrial muscle reentry. 
'The pockets of delayed activation could satisfy the re- 
quirements for slow conduction and unidirectional 
block that are necessary for atrial muscle reentry.?! 

Sinus nodal reentry: This was the other common 
mechanism of supraventricular tachycardia we found 
in the patients studied after the Mustard operation. 
Such reentry may be related to slow conduction in the 
sinus node or to slow conduction in the perinodal area, 
as evidenced by the abnormal sinoatrial conduction 
found in 30 percent of our small group of patients. This 
mechanism of tachycardia has previously been docu- 
mented in experimental animals and in human 
subjects.?2-26 

Thus, the causes of brady- and tachyarrhythmias 
observed in patients after the Mustard operation ap- 
pear to be related to: (1) damage to the sinoatrial (S-A) 
node or sinus nodal artery resulting in decreased auto- 
maticity, (2) damage to the perinodal conducting fibers 
in and around the S-A node, and (3) localized slowing 
of atrial conduction. We? have previously shown that 
there is a positive correlation between a prolonged 
corrected pacemaker recovery time and later postop- 
erative arrhythmias. Clarkson et àl.? found that patients 
operated on with use of deep hypothermia that required 
only one atrial cannula had fewer postoperative ar- 
rhythmias than those who had two atrial cannulas, thus 
suggesting that cannulation may be an important factor 
in the production of arrhythmias occurring after the 
Mustard operation. 
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Role of atrial conduction delay: Saalouke et al.® 
found that one third of their patients had an abnormally 
long effective refractory period of the atrium, whereas 
this interval was prolonged in only 1 of 10 of our pa- 
tients. We recommend caution in interpreting these 
data because of the possibility that the catheter may be 
touching the intraatrial baffle when the measurement 
is made, resulting in a falsely long value. We disagree 
with the interpretation of Saalouke et al. that the 
prolonged values for effective refractory period of the 
atrium is evidence in favor of delayed conduction 
through supposed intraatrial conduction pathways. To 
the best of our knowledge, the operative findings of 
Wittig et al.!? of atrial conduction delay, manifested by 
measurements of conduction times between two points, 
were the first to show that the Mustard operation re- 
sulted in pockets of slow conduction in the atria. These 
small areas of delayed activation are probably due to 
extensive areas of suturing and scarring, rather than to 
local division of conduction pathways. It has been shown 
that complete transverse circular incision of the right 
atrium in dogs does not produce complete block be- 
tween the sinus and A-V nodes.?’ 

Surgical implications: It is probably not possible 
to perform a Mustard or Senning operation without 
causing some areas of the atrium to be activated late. 
However, if sinus nodal automaticity is preserved, it is 
less likely that the patient will have postoperative ar- 
rhythmias, and it is more likely that if he does, treat- 
ment will be easier. 

Further attempts must be made to prevent damage 
to the sinus node and sinoatrial nodal artery during the 
Mustard or Senning operations. The techniques of in- 
tracardiac electrophysiology will be useful in assessing 
the results of these efforts and will detect the patients 
at highest risk of postoperative arrhythmias. The first 
series to report comparable electrophysiologic data on 
patients undergoing the Senning and Mustard opera- 
tions found no difference between the two proce- 
dures.?® 
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Left ventricular function was studied with quantitative biplane cinean- 
giocardiography in 39 preoperative and 23 postoperative patients with 
cyanotic congenital heart disease. Diagnoses included pulmonary atresia 
or critical pulmonary stenosis with intact ventricular septum (group 1), 
tricuspid atresia (group 2) and pulmonary atresia with ventricular septal 
defect (group 3). Preoperative patients ranged in age from 1 day to 7 years 
and postoperative patients from 7 weeks to 23 years. Left ventricular 
end-diastolic volume was increased in preoperative patients in groups 
1 and 2 (132 and 136 percent of normal, respectively) but was normal 
in patients in group 3. Left ventricular ejection fraction was decreased 
to a similar extent in preoperative groups 1 to 3: 0.54, 0.55 and 0.56, re- 
spectively. After a shunt procedure left ventricular end-diastolic volume 
increased to 228 and 266 percent of normal in groups 1 and 2, respec- 
tively, but remained within normal limits in group 3. Left ventricular 
ejection fraction was normal in postoperative group 1 patients, whose ages 
averaged 1.8 years, but remained decreased in group 2 and 3 patients, 
whose ages averaged 8.1 and 5.6 years, respectively. Duration of cyanosis 
and degree of left ventricular dilatation appear to be important variables 
in regard to pump function in patients with cyanotic congenital heart 
disease. 


Abnormalities of cardiac function have been detected in various cyanotic 
congenital heart lesions including pulmonary atresia, transposition of 
the great arteries, tetralogy of Fallot and tricuspid atresia.!-? In some 
of these lesions, abnormalities also have been found after reparative 
surgery.?97 Despite these data, it is currently unclear whether either the 
degree or the duration of cyanosis is related to abnormalities of cardiac 
function in these patients. The purpose of this investigation was to es- 
timate left ventricular function using quantitative biplane cineangio- 
cardiography in patients with cyanotic congenital heart disease before 
and after palliative operation and to attempt to correlate any abnor- 
malities with degree of cyanosis, duration of cyanosis and size of the left 
ventricle. 


Methods 


Study patients: Patients with tricuspid atresia, pulmonary atresia or critical 
pulmonary stenosis with intact ventricular septum, and pulmonary atresia with 
ventricular septal defect were included in this analysis. All patients with these 
diagnoses who were studied at Vanderbilt University from July 1971 through 
July 1979 were included in the analysis provided they had biplane left ventricular 
cineangiocardiograms that were adequate for analysis of left ventricular volume 
and ejection fraction. During this period, only 9 of 71 studies were excluded 
because of inadequate cineangiocardiograms. All data were obtained during 
diagnostic studies and none of the cineangiocardiograms were taken for the sole 
purpose of obtaining left ventricular function data. All data were obtained after 
any metabolic acidosis was corrected. Premature contractions and postpremature 
contractions were excluded from the analysis. Details of the methodology have 
been described previously together with normal values for comparison with 
different patient groups.1? 
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Study groups: The 62 patients were classified into three 
groups on the basis of their clinical diagnosis (Table I). Group 
1A included 16 patients with pulmonary atresia with intact 
ventricular septum or critical pulmonary stenosis defined as 
severe pulmonary stenosis with pressure at systemic levels or 
higher in the right ventricle and a right to left shunt at the 
atrial level. In these patients, systemic oxygen saturation 
ranged from 30 to 85 percent at rest. Of the 16 patients in this 
group 6 had pulmonary stenosis and 10 pulmonary atresia. 
Twelve of the patients survived operation and six have had 
postoperative cardiac catheterization studies, as described 
subsequently. 

Group 1B consisted of 10 patients with pulmonary atresia 
with intact ventricular septum or pulmonary stenosis who 
were studied after successful palliation with valvulotomy (2 
patients), shunt (2 patients) or valvulotomy plus shunt (6 
patients). There were five Waterston shunts, two Potts shunts, 
one Glenn shunt and one Blalock-Taussig shunt, with one 
patient having two shunts. Eight patients underwent a second 
cardiac catheterization in the 1st year of life and two patients 
were restudied after 1 year of life. The time from operation 
to restudy ranged from 10 days to 11 years. The oldest patient 
was 11.8 years at the time of restudy. Three patients were 
restudied both before and after 1 year of age; only the data at 
the last recatheterization were included in the statistical 
comparisons of different groups. 

Group 2A consisted of 10 patients with tricuspid atresia 
who underwent cardiac catheterization studies before any 
shunting operation. All patients had associated pulmonary 
stenosis; seven had normally related great arteries and three 
had d-transposition. The patients' ages ranged from 1 day to 
2 years. Two patients had two cardiac catheterization studies 
before palliation. Systemic oxygen saturation ranged from 50 
to 86 percent. Of six patients who had shunt procedures, five 
survived operation. Three patients await operation and one 
patient was lost to follow-up study. Only one patient had a 
postoperative study. 

Group 2B consisted of eight patients with tricuspid atresia 
who underwent cardiac catheterization studies after a shunt. 
These patients ranged in age from 1.7 to 23.1 years. Seven 
patients had pulmonary stenosis and one had pulmonary 
atresia; only one had transposed great arteries. One patient 


had two studies at age 3.7 and age 9 years. Three patients had 
a prior Waterston anastomosis, two a Potts anastomosis, two 
a prior Glenn shunt and one prior Glenn and Blalock-Taussig 
shunts. All patients were restudied at least 1 year after their 
operative procedure. 

Group 3A consisted of 13 patients with pulmonary atresia 
with ventricular septal defect. All patients had at least a 
confluence of right and left pulmonary arteries supplied by 
either a ductus or anomalous systemic vessels. Their ages 
ranged from 1 day to 7 years at the time of initial cardiac 
catheterization, and two patients had a second study 5 months 
and 3 years later, respectively. All but two patients were 
studied initially in the first 3 months of life. Systemic oxygen 
saturation ranged from 32 to 85 percent. Six patients had 
shunts with one death, three patients had attempted repair 
with two deaths and three patients have had no operative 
procedure. 

Group 3B consisted of five patients who underwent cardiac 
catheterization 1 to 12 years after a shunt procedure (four 
Waterston and two Blalock-Taussig shunts [one patient had 
two shunts]). Two patients had preoperative shunts. 

Ventricular function data analyses: All left ventricular 
volume data from the patients with cyanosis were compared 
with normal data in two ways. First, the data were expressed, 
using previously derived regression equations, as a percent of 
the predicted normal value. However, individual patient data 
from the previous study were unavailable for direct statistical 
comparison of a normal group with the cyanotic patients, and 
therefore another group of normal patients was used for t 
tests, as will be described. This second group of patients with 
a presumed normal left ventricle included patients with mild 
valvular or peripheral pulmonary stenosis (right ventricular 
pressure 50 mm Hg or less), a small atrial septal defect with 
a left to right shunt of less than 25 percent of pulmonary flow, 
mild tricuspid regurgitation and vascular ring. All normal data 
were obtained as part of diagnostic cardiac catheterization for 
cardiovascular anomalies presumed to be more serious. There 
were 21 patients less than 1 year of age and 15 patients greater 
than 1 year. 

Values of left ventricular end-diastolic volume, ejection 
fraction and systolic index were compared for normal subjects 
versus the patients with cyanosis using t tests for unpaired 





TABLE | 
Patient Groups (mean + standard error of the mean and range) 
Group M Age (yr) Weight (kg) O» Sat (96) PCV (96) 
1. PAt or CPS, IVS 
A. Preop 16 0.04 + 0.02; 3.6 + 0.2; 59 + 5; 52 + 2; 
(1 day to 4 mo) (2.5 to 5.0) (30 to 85) (42 to 62) 
B. Postop 10 18 4.4; 8.7 + 1.8; 84 + 3; 48 + 2; 
(0.13 to 11.8) (4.8 to 23.9) (71 to 96) (40 to 53) 
2. TAt 
A. Preop 10 0.37 + 0.24; 4.6 + 0.9; 68 + 4; §3. 4-3; 
(1 day to 2 yr) (2.5 to 9.7) (50 to 86) (41 to 65) 
B. Postop 8 8.1 £22; 25:2 E. ALTA 81 + 3; 52 + 3; 
(1.7 to 23.1) (9.3 to 75.9) (72 to 91) (43 to 64) 
3. PAt, VSD 
A. Preop 13 0.74 + 0.59; 4.7 + 1.4; 68 + 6; 49 + 3; 
(1 day to 7 yr) (2.2 to 6.4) (32 to 85) (34 to 62) 
B. Postop 5 5.6 + 2.0; 19.0 + 7.3; 81+ 4; 55 + 41; 
(2.2 to 13.0) (8.0 to 47.6) (67 to 87) (44 to 66) 
4. Normal 
A. <1 yr 21 0.35 + 0.06; 5.8 + 0.4; 
(2 day to 11 mo) (1.7 to 10.0) 
B. >1yr 15 5.8 + 0.8; 19.5 + 2.1; ZEE s 
(1.2 to 13.0) (11.0 to 42.7) 
ee Eee ee en i E 


PAt = pulmonary atresia; CPS = critical pulmonary stenosis; IVS = intact ventricular septum; postop = postoperative; preop = preoperative; 
Sat = saturation; TAt = tricuspid atresia; VSD = ventricular septal defect; PCV = packed cell volume. 


1232 June 1980 The American Journal of CARDIOLOGY Volume 45 


VENTRICULAR FUNCTION IN CONGENITAL HEART DISEASE—GRAHAM ET AL. 


data. In addition, the various groups of patients with cyanosis 
were compared with each other as described under Results. 
Finally, linear regression analysis was used in an attempt to 
determine if ejection fraction was related to age, end-diastolic 
volume, systemic oxygen saturation or hematocrit. Values are 
expressed as mean + standard error of the mean. 


Results 
Preoperative Studies 


Left ventricular end-diastolic volume: This vari- 
able averaged 47 + 3 ml/m? or 132 percent of the pre- 
dicted normal value in patients in group 1A with pul- 
monary atresia or critical pulmonary stenosis and intact 
ventricular septum; both values were significantly dif- 
ferent from normal (Fig. 1, Table II). There were no 
significant differences in this or in other variables be- 
tween patients with pulmonary atresia and those with 
pulmonary stenosis (p 70.05), and therefore their data 
were combined for comparison with the normal subjects 
and other groups. 

Left ventricular end-diastolic volume was also in- 
creased from normal patients in group 2A with tricuspid 
atresia, averaging 52 + 4 ml/m? or 136 percent of pre- 
dicted normal. These values were not significantly dif- 
ferent from those found in patients with pulmonary 
atresia or pulmonary stenosis. Left ventricular end- 
diastolic volume averaged 39 + 5 ml/m? or 105 percent 
of normal in patients in group 3A with pulmonary 
atresia and ventricular septal defect. These values were 
not significantly different from normal values, from 
those in patients with pulmonary stenosis or atresia and 
intact ventricular septum, or from those in patients with 
tricuspid atresia. 
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FIGURE 1. Left ventricular end-diastolic volume as a percent of the 
predicted normal value® for the three preoperative patient groups. PAt 
= pulmonary atresia; CPS = critical pulmonary stenosis; IVS = intact 
ventricular septum; TAt = tricuspid atresia; VSD = ventricular septal 
defect. 


Ejection fraction: Left ventricular ejection fraction 
averaged 0.54 + 0.01 in group 1A, 0.54 + 0.03 in group 
2A and 0.56 + 0.02 in group 3A; all values were signifi- 
cantly less than normal (Table II, Fig. 2). These values 
were not different from each other. 

Left ventricular systolic index averaged 3.5 + 0.3, 3.8 
+ 0.5 and 3.1 + 0.4 liters/min per m? in groups 1A, 2A 
and 3A, respectively. These values were not different 
from normal or from each other. 


Postoperative Studies 


Left ventricular end-diastolic volume: This vari- 
able averaged 107 + 18 ml/m? or 228 percent of normal 





TABLE Il 
Left Ventricular Volume Data (mean + standard error of the mean) 
LVEDV LVEDV 
Group HR (ml/m?) (96 normal) 
Preoperative 
1A. PAt or CPS, IVS 138 t 3 47 13 132+ 8 
NS p «0.05 p «0.001 
2A. TAt 1320 6 52104 136 + 8 
NS p <0.001 p <0.001 
3A. PAt, VSD 139 +7 39+ 5 105 + 12 
NS NS NS 
Postoperative 
1B. PAt or CPS, IVS 120+ 6 107+ 13 228 + 27 
NS p <0.001 p <0.001 
NS p <0.001 p <0.001 
2B. TAt 111+ 10 172 + 37 266 + 60 
2 NS p «0.001 p «0.001 
NS p «0.001 p «0.001 
3B. PAt, VSD 103 +6 78 t 17 120 + 15 
NS NS p «0.05 
p «0.01 p «0.02 NS 


LVSI LVSI 
LVEF (liters/min per m?) (96 normal) 
0.54 + 0.01 3.5 + 0.3 94-+ 6 
p <0.001 NS NS p vs normal 
0.54 + 0.03 3.8 + 0.5 108 + 12 
p <0.01 NS NS p vs normal 
0.56 + 0.02 3.1 4 0.4 86 + 11 
p «0.02 NS NS p vs normal 
0.63 + 0.03 8.2 + 1.0 199 + 24 
NS p <0.001 p <0.001 
p <0.01 p <0.001 p vs normal 
p <0.001 
p vs preoperative 
0.53 + 0.02 9.8 + 2.2 236 + 57 
e «0.05 p «0.001 p «0.001 
NS p «0.001 p vs normal 
p «0.001 
p vs preoperative 
0.58 + 0.05 4.4 t 0.7 107 + 16 
p «0.05 NS NS p vs normal 
NS NS NS p vs preoperative 


CPS - critical pulmonary stenosis; HR = heart rate; IVS = intact ventricular septum; LVEF = left ventricular ejection fraction; LVS! = left ventricular 
stroke index; NS = not significant; p = probability; PAt = pulmonary atresia; TAt = tricuspid atresia; VSD = ventricular septal defect. 
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FIGURE 2. Left ventricular ejection fraction for the three preoperative 
patients groups. Abbreviations as in Figure 1. 


in group 1B patients studied after operation for pul- 
monary atresia or critical pulmonary stenosis (Fig. 3). 
These values are significantly different from normal as 
well as from preoperative values (Table II). Left ven- 
tricular end-diastolic volume was also increased in pa- 
tients with tricuspid atresia after a shunt procedure, 
averaging 172 + 37 ml/m? or 266 percent of normal (Fig. 
3). These values were significantly different from nor- 
mal values, from preoperative values and from those of 
patients in group 1B with pulmonary stenosis or atresia 
and intact ventricular septum. 

Left ventricular end-diastolic volume averaged 78 + 
17 ml/m? or 120 + 15 percent in five postoperative pa- 
tients with pulmonary atresia and ventricular septal 
defect. For this small number of patients, end-diastolic 
volume in ml/m? was not different from normal but was 
different from the preoperative value (p <0.02). How- 
ever, the pre- and postoperative groups were different 
in age, which probably accounts for the end-diastolic 
volume difference when expressed in ml/m?. Left ven- 
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FIGURE 3. Left ventricular end-diastolic volume for the three postop- 
erative patient groups. Abbreviations as in Figure 1. 
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tricular end-diastolic volume as a percent of the pre- 
dicted normal value was increased from normal but not 
from preoperative values. Finally, it was significantly 
less for patients with pulmonary atresia and ventricular 
septal defect than for patients in either group 1B or 2B 
(Fig. 3). 

Ejection fraction: Left ventricular ejéction fraction 
averaged 0.63 + 0.03 in patients in group 1B and was not 
different from normal but was different from the pre- 
operative value (Fig. 4, Table II). Patients with post- 
operative tricuspid atresia had an average ejection 
fraction value of 0.53 + 0.02, which was different from 
the normal value and from that in patients in group 1B, 
but not from that in patients with preoperative tricus- 
pid atresia. 

Similarly, patients in group 3B with pulmonary 
atresia and ventricular septal defect had a lower than 
normal ejection fraction of 0.58 + 0.05, which was not 
different from the preoperative value. This value also 
was not different from that for patients with postop- 
erative tricuspid atresia but was different from that of 
patients with postoperative pulmonary atresia with an 
intact ventricular septum. 

Left ventricular systolic index was significantly 
greater than normal for both group 1B and 2B patients 
but was not different from normal in patients in group 
3B (Table II). 


Correlation of Left Ventricular Ejection Fraction With 
Other Variables 


The relations between ejection fraction and ventric- 
ular size, patient age, systemic oxygen saturation and 
hematocrit values were examined in the entire group of 
patients after a shunt procedure (n = 24). Linear re- 
gression analysis of left ventricular ejection fraction 
(LVEF) with age showed a weak negative relation, with 
older patients having a lower ejection fraction (LVEF 
= —0.0068 [age] + 0.61, standard error of the estimate 
+ 0.09, p «0.05, r = 0.441). 

This relation was also examined by classifying the 
group into 12 patients who were 4 years of age or less 
and 12 patients older than 4 years. Figure 5 shows that 
the mean ejection fraction in the older patients was 0.54 
and was significantly less than the ejection fraction in 
the younger group, 0.61 (p «0.01). Neither end-diastolic 
volume nor systemic oxygen saturation was different in 
the two age groups (p >0.05). 

Ejection fraction was also examined as a function of 
end-diastolic volume (LVEDV ). Again there was a 
negative correlation between these variables, and lower 
ejection fractions were associated with larger left ven- 
tricles (LVEF = —0.00025 [LVEDV] + 0.63, standard 
error of the estimate + 0.09, p = 0.05, r = 0.339). Mul- 
tiple regression analysis using both end-diastolic volume 
and age as independent variables yielded a more sig- 
nificant relation (LVEF = —0.0085 [age] — 0.00034 
[LVEDV] + 0.70, standard error of the estimate + 0.08, 
p <0.05, r = 0.634). 

The relations between left ventricular ejection frac- 
tion and systemic oxygen saturation and hematocrit also 
were examined. There was no statistically significant 
relation between these variables. 
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Discussion 


Left ventricular function in cyanotic heart dis- 
ease and effect of shunt operation: Abnormal left 
ventricular pump function as defined by a low ejection 
fraction was demonstrated before operation in patients 
with cyanotic congenital heart disease associated with 
decreased pulmonary blood flow. Similar data were 
reported by Sauer et al.? for infants with pulmonary 
atresia or critical pulmonary stenosis with intact ven- 
tricular septum. Although the defects studied differ in 
terms of intracardiac arfatomy, they were considered 
together because of their similarities in terms of de- 
creased systemic oxygen saturation and initial similar 
therapy in most instances. 

Postoperative studies revealed a decreased left ven- 
tricular ejection fraction in patients with tricuspid 
atresia or pulmonary atresia and ventricular septal 
defect but a normal ejection fraction in patients with 
pulmonary atresia and an intact ventricular septum. 
The latter patients were considerably younger than the 
other patients, which may explain the differences in 
ejection fraction. 

LaCorte et al.» showed a mild increase in left ven- 
tricular end-diastolic volume and a small decrease in 
ejection fraction in 13 infants with tricuspid atresia and 
decreased pulmonary blood flow who were not operated 
on. In 12 patients with surgical shunts, end-diastolic 
volume was increased and ejection fraction decreased. 
Four of five postoperative patients less than 10 years of 
age had a normal ejection fraction, whereas six of seven 
patients greater than 10 years of age had a decreased 
ejection fraction. Sauer and Mocellin? reported similar 
findings with their postshunt patients who averaged 
12.8 years showing the most significant reduction in left 
ventricular ejection fraction. Our data are in agreement 
with these findings and suggest that an extension of this 
phenomenon of a depression of ejection fraction with 
long-standing volume overload can be applied in more 
general terms to cyanotic patients with either tricuspid 
or pulmonary atresia. 

LaCorte et al.° also reported that two patients with 
a Glenn shunt had the least abnormal values for vol- 
umes and ejection fraction. Our three patients with a 
Glenn shunt were 1.7, 18 and 23 years of age, respec- 
tively. These patients had the smallest volumes among 
our patients with postshunt tricuspid atresia, that is, 
170, 127 and 90 percent of normal, and had ejection 
fractions of 0.52, 0.58 and 0.45, respectively, with the 
oldest patient having the smallest volume and lowest 
ejection fraction. Thus, the presence of only mild vol- 
ume overload in shunted cyanotic patients does not 
appear to prevent deteroriation of ventricular pump 
function. 

Hemodynamic determinants of low ejection 
fraction: The use of ejection fraction to characterize 
pump performance can be misleading when preload and 
afterload are not considered. Preload has a definite ef- 
fect on ejection fraction in acute studies with an increase 
in volume associated with an increase in ejection frac- 
tion. In our studies end-diastolic volume was generally 
increased, and thus a decrease in ejection fraction could 
not be accounted for by preload changes. Afterload has 
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FIGURE 4. Left ventricular ejection fraction for the postoperative patient 
groups. Abbreviations as in Figure 1. 


a marked effect on ejection fraction with an increase in 
afterload associated with a decrease in ejection fraction. 
In an attempt to estimate afterload, systemic vascular 
resistance was determined in nine patients with no 
ventricular septal defect, and aortic and right atrial 
pressures were obtained before angiography. Resistance 
was calculated as (AP — RAP)/LVSI, where AP = mean 
aortic pressure, RAP = mean right atrial pressure and 
LVSI = left ventricular stroke index in liters per minute 
per square meter. The nine patients ranged in age from 
1 day to 11.8 years, and resistance ranged between 5.0 
and 29.8 units/m? (mean 15.6). None of these values are 
increased.!! Four patients with a large aorticopulmo- 
nary shunt had low values for resistance (15 units or 
less/m?, mean 8.0 units/m?), whereas five other patients 
had normal resistance (mean 21.4 units/m2). Ejection 
fraction averaged 0.55 in each subgroup. Thus, elevation 
in afterload could not account for the low ejection 
fraction in our studies and a depression of pump per- 
formance cannot be explained on the basis of abnormal 
loading of the left ventricle. 
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FIGURE 5. Left ventricular ejection fraction in postoperative shunt 

patients: patients less than 4 years versus those 4 years or older. LVEDV 

= left ventricular end-diastolic volume; O2 SAT = oxygen satura- 
tion. 
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Causes of low ejection fraction: It is our hypothesis 
that the low ejection fraction in preoperative patients 
is related to the low systemic oxygen saturation. The 
normal ejection fraction in patients studied in the 1st 
year after operation for pulmonary atresia or critical 
pulmonary stenosis with an oxygen saturation of 84 
percent versus a preoperative value of 57 percent lends 
indirect support to this hypothesis. 

The low ejection fraction in older patients undergoing 
palliative surgery is probably related to either long- 
standing severe volume overload or to repeated hypoxic 
myocardial damage. Long-standing volume overload 
would be associated with increased left ventricular wall 
tension. Tachycardia, elevated blood pressure and de- 
creased systemic oxygen saturation all could occur 
during times of stress with resultant repeated episodes 
of myocardial hypoxia and subsequent fibrosis.!?.1? 


Another possible detrimental factor in patients with a 
large aorticopulmonary shunt is the low aortic diastolic 
pressure, which could be associated with an abnormal 
ratio of myocardial oxygen supply to demand (DPTI/ 
SPTI).!4 Subendocardial hypoxia might well occur in 
these patients under conditions of relatively minor 
stress. a 

Implications: The data reported support the hy- 
pothesis that both duration of cyanosis and degree of 
volume overload are contributing factors to abnormal 
left ventricular function. Further long-term follow-up 
studies both in older cyanotic patients undergoing 
palliative surgery as well as in patients who have had 
relief of cyanosis are needed in an attempt to clarify the 
relation between duration and extent of cyanosis and 
myocardial function in patients with congenital heart 
disease. 
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Cardiac Catheterization Study’ Nuclear Imaging Study 


Purpose: To assess hemodynamic effects of Purpose: To measure the hemodynamic 
Peritrate 40 mg vs placebo in effects of Peritrate 40 mg or 
double-blind crossover study. placebo in 53 patients one hour 

after administration. 


Right heart catheterization. 14 separate parameters Single-blind study. Measured ejection fraction to 
measured. assess ventricular function. Blood pressure monitored. 
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* Significant from baseline at 5% level. * Significant from baseline at 5% level. 


Summary of Results: Capacitance Parameters Reduced pulmonary arterial wedge pressure 
Reduced left ventricular end-diastolic pressure 


Resistance Parameters Reduced systemic arterial blood pressure 
Increased ejection fraction 
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We've applied a microprocessor to our MAC-4 electrocardiograph, making it 
the most innovative ECG on the market. MAC can detect and correct artifact, 
AC interference, and baseline drift. It can optimally position the trace and 
even initiate an automatic rhythm strip when arrhythmias are detected. 
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IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING.. 





The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- han 
dial injury. Both the erythrocyte sedi- ee. 
mentation rate and the SGOT are XY LEE 













now within normal limits. Blood PE MR D, f 
pressure readings are on the low bie 
side and the patient’s pulse rate 
is down to 80 beats per minute. 
The atrial gallop sound can 
no longer be heard. 
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BUT THESE MAY NOI. 





You've assured the patient, time 
and again, that he's mas ex- 
cellent progress, that aligns 
point to a marked improve- 
ment in his condition. He 


seems to understand... 
and yet, his 




















| excessive 
anxiety and 
| Í psychic tension continue 
to pose problems. 

For patients like this, adjunc- 
"tive Valium (diazepam) can 
fbe particularly san Valium 
works promptly: patients often 
feci distinctly calmer in hours, 
‘usually unm significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 

and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve “night- 
time apprehensions" and 
~ encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 


cardiac glycosides, anticoagu- 
lants, diuretics and vasodilators. 
An especially important advan- 
tage: Valium (di azepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient’s need for psychotropic 
medication is also recommended. 


VALIUM. lc 
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Roche 


P -mg, aly) -mg, l -mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following 


page for a summary of product informatio 















Before prescribing, please 
consult complete product 
information, a summary of 
which follows: 
Indications: Tension and anxiety 
associated with anxiety disorders, 
transient situational disturbances 
and functional or organic disorders; 
psychoneurotic states manifested by 
tension, anxiety, apprehension, fatigue, 
depressive symptoms, or agitation; symp- 
tomatic rehef of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in skeletal mus- 
cle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disor- 
ders; athetosis; stiff-man syndrome; convulsive 
disorders (not for sole therapy). 

The effectiveness of Valium (diazepam/Roshe) in long- 


Precautions: |f combined 
with other psychotropics or anti- 
convulsants, consider carefully 
pharmacology of agents employed; 
drugs such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual 
precautions indicated in patients severely depressed, 
or with latent depression, or with suicidal tendencies. 
Observe usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in elderly and 
debilitated to preclude ataxia or oversedation. 
' Side Effects: Drowsiness, confusion, diplopia, hypotension, changes in 
libido, nausea, fatigue, depression, dysarthria, jaundice, skin rash, ataxia, 


term use, that is, more than 4 months, has not been assessed by system- Min: apte 

atic clinical studies. The physician should periodically reassess the constipation, headache, incontinence, changes in salivation, slurred 
usefulness of the drug for the individual patient. speech, tremor, vertigo, urinary retention, blurred vision. Paradoxical 
Contraindicated: Known hypersensitivity to the drug. Children under 6 reactions such as acute hyperexcited states, anxiety, hallucinations, 
months of age. Acute narrow angle glaucoma; may be used in patients increased muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
Warnings: Not of value in psychotic patients. Caution against hazardous reports of neutropenia, jaundice; periodic blood counts and liver function 
occupations requiring complete mental alertness. When used adjunctively tests advisable during long-term therapy. 

in convulsive disorders, possibility of increase in frequency and/or severity 

of grand mal seizures may require increased dosage of standard anti- Roche Laboratories 

convulsant medication; abrupt withdrawal may be associated with Division of Hoffmann-La Roche Inc. 

temporary increase in frequency and/or severity of seizures. Advise ^ Nutley, New Jersey 07110 z 


against simultaneous ingestion of alcohol and other CNS depressants. 
ithdrawal symptoms similar to those with barbiturates and alcohol have 
been observed with abrupt discontinuation, usually limited to extended 


use and excessive doses. Infrequently, milder withdrawal symptoms have ® 
been reported following — discontinuation of benzodiazepines after 

continuous use, generally at higher therapeutic levels, for at least several 

months. After extended t orap, gradually taper dosage. Keep addiction- 

prone individualis under careful surveillance because of their predisposi- IV 
tion to habituation and dependence. 


Usage in Pregnancy: Use of minor tranquilizers during the first 
trimester should almost always be avoided rdg in- 


mule uum.  diazepam/Roche 


intend to or do become pregnant. 2-mg, 5-mg, 10-mg scored tablets 


From Siemens-Elema—the people who pioneered with the first implanted pacemaker in 1958. 


PACEMAKER 


| DATA: 


Here's whatyyou may 
already have learned to 
appreciate about our 
ventricular-inhibited 
pulse generators. 

€ Stable basic rate during recommended 


service life, independent of battery 
resistance increase. 


€ 0.75 ms impulse duration for reduced 
current drain and increased service life. 


€ Small, thin and lightweight with soft 
convex-concave design. 


9 Protected against strong electromagnetic 
interference by selective input filters and 
titanium encapsulation. 


® Separately encapsulated, highly reliable 
hybrid circuitry. 


9 Proved lithium-iodine power source. 


® Two separate battery depletion indicators. 


® Simple check of stimulation function. 
® Easy end-of-life check. 
€ Built-in runaway protection. 


9 Withstands defibrillation energies to 400J 
(400Ws). 


® Versatile plug-in connection. 


WRITE 
FOR 629 
BROCHURE 


SIEMENS-ELEMA 








Here’s what you will 
surely find significant 
about our Model 629 
Vario’ pulse generator. 





measurement of 
patient threshold value 
during routine checks 
using simply a magnet 
and an ECG recorder. 
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Magnet placed over implanted generator starts test sequence: 
Battery test cycle (phase 1). Vario cycle (phase 2) for 
threshold determination. 


Siemens-Elema Pacemaker Systems, Division of Elema-Schonander, Inc. 


1600 Jarvis Avenue, Elk Grove Village, Illinois 60007; (312) 981 or. 
World Headquarters, Pacemaker Division, S17195, Solna, Sweden 21 


Department of Health, Education, and Welfare, Public Health Service 
National Institutes of Health 
National Heart, Lung, and Blood Institute 


Opening Date: June 1, 1980, Closing Date: June 30, 1980 
(All applications must be postmarked by the closing date.) 


DIRECTOR, DIVISION OF HEART AND VASCULAR DISEASES 


The National Heart, Lung, and Blood Institute is recruiting a Director for its Division of Heart and Vascular Diseases. The Director will coordinate 
the planning, management, and evaluation of a major program of basic and targeted research, cooperative clinical trials, education and dem- 
onstration projects, and national cardiovascular centers. The Division itself is divided into four major programs, with a staff of approximately 


150 employees and a current annual budget in excess of $300 million. 
o eee on quali- 


This is a Civil Service position in the Senior Executive Service (SES), with base salary from $47,889 to $50,112 pe 

fications. SES members are eligible for various bonuses and awards, and physicians are eligible for payments of up to $10,000 per year, although 
total compensation cannot exceed the rate for Executive Level | (currently $69,000 per year). (Alternatively, candidates may be eligible for 
appointment in the Commissioned Corps of the U.S. Public Health Service.) The SES individual selected, if not presently in the Senior Executive 
Service, must serve a one year probationary period. Mandatory professional/technical qualifications are a medical doctorate, and research 
and/or clinical experience in the field of cardiology or cardiovascular diseases. 


Mandatory managerial/executive qualifications include evidence of management of a basic or clinical research program, demonstrating ability 
to assume leadership responsibilities in developing program goals; representing the program to outside groups; directing program planning, 
execution, and evaluation; and conducting a fair and equitable employment program, including the attainment of EEO objectives. 


Candidates who meet the mandatory qualifications will be further evaluated by the Search Committee on the degree to which they exceed 
the minimally qualified level of the mandatory managerial/executive qualifications, and on the following desirable qualifications: scientific 
reputation/peer recognition, training and education in cardiology or cardiovascular diseases beyond the MD degree, leadership of a basic 
or clinical research, or research administration program, and honors and awards indicative of outstanding contributions to the field of cardiology 
or cardiovascular diseases. 


Applications (Personal Statement of Qualification-SF-17 1) should be sent to Dr. Jay Moskowitz, Chairman, DHVD Director Search Committee, 
Building 31, Room 5A03, National Institutes of Health, Bethesda, MD 20205, telephone (301) 496-6331. 


A current curriculum vitae, bibliography and performance information must accompany all applications. Applications of women and/or minority 
group members are especially solicited. The National Institutes of Health is an equal opportunity employer. 


NATIONAL INSTITUTES OF HEALTH 
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Biotronex Laboratory, Inc. 


4225 Howard Avenue, Kensington, Md. 20795, Phone: 301-942-1800 
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The Bayer Company 
proudly announces 














Bayer Aspilin 


For reducing the risk of transient ischemic 
attacks or stroke in men who have ha 
transient ischemia of the brain due tó fibrin 


platelet emboli " 


Just the beginning... 










The Bayer Company is pleased to announce that after 
intensive study of long-term clinical trials, an official 
government bulletin has indicated that professional 
guideline labeling will be published stating that there 
iS evidence that aspirin is safe and effective for re- 
ducing the risk of recurrent transient ischemic attacks 
or stroke in men who have had transient ischemia 
of the brain due to fibrin platelet emboli* 


Not only does this new use for aspirin provide 
demonstrated protection for a significant number 
of potential stroke victims, but it opens new vistas for 
investigation of aspirin 's possible role in the prophy- 
laxis of many other disorders with vascular involve- 
ment. 


In the following text, we have attempted to antici- 
pate some of the questions you may have about the 
use of Bayer Aspirin in recurrent TIA and stroke 
prevention. ..and to provide some answers. 

















Who are the candidates? 

At present, aspirin is indicated for reducing the risk of 
recurrent TIA's or stroke in males who have experienced 
one or more incidents of transient ischemia of the brain 
due to fibrin platelet emboli. 


It is estimated that about one-third of all patients 
who experience a TIA will suffer a stroke within five 
years of the first attack! Twenty percent of these indi- 
viduals will experience a stroke within one month of the 
initial TIA, 50% within one year. After the first six months 
following a TIA, the incidence of stroke is about 596 per 
year— about five times the expected rate for a normal 
population of similar ages! 


How does aspirin help? 

Prevailing theory holds that most transient ischemic 
attacks are caused by thromboemboli, which, for the 
most part, are fibrin-platelet aggregates? The formation 
of these clots is believed to be predisposed by cerebral 
atherosclerosis? — with ulcerated or stenotic athero- 
matous lesions providing the sites from which emboli- 


zation into the distal intracranial branches of the cerebral 
arteries takes place? 


Clot formation begins when circulating platelets 
encounter the vascular erosion with exposed subendo- 
thelial connective tissue and collagen. Through a com- 
plex series of prostaglandin interactions. a platelet- 
collagen reaction takes place—first provoking platelet 
adhesion, then stimulating a self-perpetuating process 
of secretion, and finally, aggregation. 


By inhibiting platelet cyclo-oxygenase, an enzyme 
that mediates prostaglandin formation, aspirin pre- 
vents adhesion and embolus formation and precludes 
thrombus dislodgment and subsequent TIA or stroke. 


What have been the results of 


clinical trials? 

In major, multicenter studies conducted both in the 
United States* and Canada? pure aspirin has been 
shown to significantly reduce recurrent TIA's or stroke 
in men who have had prior cerebral ischemia. . while 
causing remarkably few side effects. 


In the United States’ trials, 88% of patients who re- 
ceived Bayer aspirin, 650 mg, bd, either had no 
additional TIAs during a three-year test period or 
experienced a significantly reduced number. Only 55% 
of patients who received placebo had similar improve- 
ments According to Fields?: "This study demonstrated 
without question, a marked reduction in transient 
events, particularly in individuals who had had multiple 
attacks before entering the trial, and even more striking 
changes (P<0.05 in favor of aspirin) in those who had 
arteriographically demonstrated lesions in the cervical 
portion of the carotid artery on the side appropriate to 
their presented clinical symptoms: : 


In the Canadian Cooperative Study Group? aspirin. 
325 mg, q.i.d. "...reduced the risk of continuing 
ischemic attacks, stroke or death by 19% (P<0.05) and 
also reduced the risk for the ‘harder’ more important 
events of stroke or death by 31% (P<0.05). but this 
effect was sex dependent: among men, the risk reduc- 
tion for stroke or death was 48% (P<0.005), whereas 
no significant trend was observed among women’ 


2 tablets bid or | tablet qid 


How much aspirin should be given? 


How frequently? 

The recommended dosage of aspirin for reducing the 
risk of recurrent transient ischemic attacks or stroke in 
men who have had transient ischemia of the brain due 
to fibrin platelet emboli is 1,300 mg/day (650 mg twice 
a day or 325 mg four times a day). 





What aspirin should be used? 

In the major American stroke prevention study, Bayer® 
Aspirin, in blinded form, was the sole aspirin used. In 
both the American and Canadian studies, neither buf- 
ferings, nor caffeine, nor any other active ingredients 
were added to aspirin. 


Over the years, the name Bayer has become synon- 
ymous with aspirin purity, quality and stability. A special 
synthesizing process and 115 quality-control tests and 
inspections help assure that the therapeutic dose you 
prescribe for your patients is the therapeutic dose they 
receive. In fact, Bayer Company standards actually 
exceed U.S.P. requirements in critical areas such as 
aspirin content per tablet, disintegration time and free 
salicylic acid content. Yet, Bayer Aspirin costs patients 
only a fraction of a cent more per dose than "super- 
market" aspirin. 


Where can more information 
on prophylactic use of aspirin 


be obtained? 
As the leader in aspirin therapy for more than 50 years, 


Sterling Drug Inc., through its Bayer Company Divi- 
sion, has established a network of services and mate- 
rials designed to provide physicians with the latest 
information on this exciting new indication for aspirin. 


A comprehensive monograph on aspirin usage for 
reducing the risk of stroke in men who have had TIA's 
due to platelet fibrin emboli, has been prepared. A 
booklet for distribution to your patients is also avail- 
able. It is designed to save you explanation time, en- 
courage compliance and allay patient anxiety. 


Heprints of important new papers will be mailed to 
you periodically. And a series of seminars on aspirin 
prophylaxis is being planned. Announcements will be 
made in medical journals and through your local med- 
ical society. 


*Please see following page for additional professional. 
usage guidelines to be published for this indication. 





For reducing the risk of recurrent 
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An important drug for an important indication 


* 10076 pure aspirin—with no added ingredients 
There is no evidence that aspirin is effective 


* [heaspirin used in the major American study in reducing TIA's in women, or is of benefit in 


on stroke prophylaxis the treatment of completed strokes in men or 
* Manufactured with a special synthesizing women. 

process to assure extended stability, rapid ab- Patients presenting with signs and symptoms 
sorption, minimal free salicylic acid of TIA's should have a complete medical and 


e Every batch undergoes 115 chemical inspec- |Pe"relogic evaluation: 


tions and quality tests Consideration should be given to other dis- 


| i | ! orders which resemble TIAS. 
* Used as an analgesic, antipyretic and anti- 


inflammatory agent by millions of patients for It is important to evaluate and treat, if ap- 


over 50 years — with a remarkably low incidence propriate, other diseases associated with TIAS 
of adverse effects and stroke such as hypertension and diabetes. 


The recommended dosage for this new in- 
dication is 1,300 mg/day (650 mg twice/day or 
325 mg four times a day). 


*Professional guidelines will be published for 
use of aspirin in this indication. The guideline 
labeling will recommend the following wording: 





References: 1. Sandok, B. et al: Mayo Clinic Proc. 53:665-674 
(October) 1978. 2. Fields. W.S.: Drugs 18:150. 1979. 3. Heyman. A.: 
Drug Therapy 9:69 (July) 1979. 4. Fields, WS. et al.: Stroke 8:301 
(May/June) 1977. 5. The Canadian Cooperative Study Group: N 
Engl. J. Med. 229:54 (July 13) 1978. 6. Medical Tribune 19:6 ( April 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 


ischemic attacks or stroke in men who have 19) 1978 
had transient ischemia of the brain due to fibrin The Bayer Coli 
platelet emboli. Glenbrook Laboratories. Division of Sterling Drug Inc 
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The effects of methyldopa on hemodynamics at rest and on neural control 
of circulation were studied in subjects with essential hypertension. Blood 
pressure (recorded intraarterially), heart rate, cardiac output (thermo- 
dilution) and total peripheral resistance were measured before and after 
15 to 20 days of continuous administration of the drug (500 to 750 mg 
twice daily). Methyldopa reduced mean arterial pressure (17 percent) 
and peripheral resistance (25 percent) without significantly affecting heart 
rate and cardiac output. The various cardiovascular responses to stimuli 
such as dynamic and isometric exercise and exposure to cold were un- 
changed by treatment with methyldopa, but the peak blood pressure 
values during these stimuli were lowered by methyldopa because of re- 
duction of baseline values. Stimulation of carotid sinus baroreflexes (by 
negative air pressure in a sealed chamber enclosing the neck) also caused 
the same decrease in arterial pressure, peripheral resistance, heart rate 
and cardiac output before and during methyldopa treatment; on the other 
hand, the increase in arterial pressure and peripheral resistance caused 
by inactivation of baroreflexes (positive air pressure in the neck chamber) 
was somewhat reduced, although not abolished, by therapy with meth- 
yldopa. 

It is concluded that (1) the hypotensive effect of methyldopa is due to 
systemic vasodilatation; (2) this drug does not interfere with the cardio- 
vascular responses to various neural excitatory stimuli; and (3) it reduces 
the ability of the carotid baroreflex to compensate for a decrease in blood 
pressure. Reduction of this pressor response may explain why methyldopa 
has a greater antihypertensive effect when patients are standing. 


Methyldopa has widely been used in antihypertensive therapy for more 
than 15 years, so it may seem surprising that its precise hemodyanmic 
action is still disputed and that the extent to which the drug can interfere 
with sympathetic activity has been little studied in human subjects. 
Clarification of these aspects not only has obvious importance for a better 
understanding of the mechanisms of action of methyldopa, but also has 
interesting implications for its clinical use in antihypertensive treatment. 
Indeed, the demonstration! that in animals methyldopa decreases blood 
pressure by interfering with sympathetic control of the circulation (either 
peripherally or, more probably, centrally) indicates a pharmacologic 
mechanism that might have clinical advantages as well as disadvan- 
tages. 

Interference with sympathetic vasoconstrictor activity can be expected 
to lead to arteriolar vasodilatation, a beneficial effect in a clinical con- 
dition like hypertension that is characterized by increased peripheral 
resistance. However, ganglionic blocking or sympatholytic drugs that 
interfere with sympathetic activity also reduce venous return and can 
cause a greater decrease in cardiac output than in peripheral resistance.?? 
In this context, it is interesting that early observations of the hemody- 
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namic effects of methyldopa in human beings have 
given contradictory results, some studies indicating 
reduction in cardiac output^ ? and others a reduction 
in vascular resistance^!? as the main mechanism of the 
antihypertensive action of methyldopa. 

Furthermore, if a reduction in baseline sympathetic 
activity is a beneficial way of decreasing arterial pres- 
sure in hypertension, then interference with physiologic 
surges in sympathetic tone accompanying exertion and 
other everyday activities might have undesirable con- 
sequences, limiting an important component of car- 
diovascular homeostasis. That this is a typical limitation 
in the clinical use of ganglionic blocking and sym- 
patholytic drugs is well known,?? but to what extent this 
may happen with methyldopa has never been fully in- 
vestigated. 

For this reason, we have studied the cardiovascular 
effects of a variety of reflex and central mechanisms (all 
powerfully involving sympathetic activity) before and 
during continuous treatment of hypertensive patients 
with suitable doses of methyldopa. These investigations 
have also elucidated the hemodynamic mechanisms of 
the antihypertensive action of the drug. 


Methods 


Study patients: Seven hospitalized patients with essential 
hypertension of mild to moderate degree were studied; their 
mean age was 45 years (range 35 to 69). These subjects were 
selected for investigation only if they (1) had no cardiac or 
renal failure; (2) had no signs or symptoms of past or present 
coronary or cerebrovascular insufficiency; (3) had no liver 
damage, positive Coomb’s test or history of hemolytic anemia; 
(4) had no major disease other than hypertension; and (5) had 
not been treated with an antihypertensive drug during the 3 
weeks preceding the beginning of the study. All subjects gave 
free consent to the procedure after its nature and purpose were 
fully explained. 

Hemodynamic measurements: Pulsatile arterial blood 
pressure was measured by a catheter introduced percuta- 
neously into a femoral artery (after local anesthesia with a 
solution containing 2 percent lidocaine) and connected with 
a strain gauge transducer. Mean arterial pressure was obtained 
from the pulsatile signal both by electric damping and by 
continuous integration over consecutive periods of 10 seconds. 
Heart rate was measured by a cardiotachometer, whose signal 
was derived from the R wave of an electrocardiographic lead. 
Cardiac output was measured with the thermodilution tech- 
nique: a suitable catheter was introduced percutaneously into 
an antecubital vein both to inject cold saline solution into the 
right atrium and to sense alterations in blood temperature 
from a pulmonary artery. Total peripheral resistance was 
calculated in units by dividing mean arterial pressure (in mm 
Hg) by cardiac output (in liters/min). 

Systemic plasma renin activity was also measured in each 
patient, according to the radioimmunoassay method described 
in previous studies.!! Blood samples for the renin measure- 
ments were taken from the pulmonary circulation through the 
thermodilution catheter. 

Hemodynamic tests: The cardiovascular responses to the 
following maneuvers were studied: (1) dynamic exercise; (2) 
isometric exercise; (3) exposure to cold; and (4) changes in 
activity of the carotid sinus baroreceptors. Dynamic and iso- 
metric exercise and exposure to cold were selected because 
under these circumstances powerful and diversified excitatory 


influences act on the heart and systemic vessels.!?-15 The ca- 
rotid baroreflex was selected because of its paramount im- 
portance in homeostatic control of circulation.!6 

Dynamic exercise was performed by steadily pedaling a 
cycle ergometer for 5 minutes, the level of work being adjusted 
to a constant level of 75 watts. Isometric exercise was per- 
formed by steadily gripping a spring with the right hand for 
1.5 minutes. The spring was connected to à dynamometer, 
which allowed the strength of gripping to be measured. This 
exercise was always performed at 40 percent of the maximal 
strength, which was established by g¢tip of short duration at 
the beginning of the study and-confirmed at the end of the 
study. Exposure to cold was done traditionally by immersing 
one hand into cold water. Immersion was maintained for 1 
minute. 

Alterations in carotid baroreceptor activity were induced 
by means of the neck chamber technique, which has been 
described in a previous study.!? Positive and negative changes 
in pneumatic pressure were almost instantaneously induced 
within a collar applied to the patient's neck. Because these 
changes are linearly transmitted to the carotid sinuses (al- 
though 14 percent of the positive and 36 percent of the nega- 
tive pressures are lost through the neck tissues), their appli- 
cation results in both a decrease and an increase in carotid 
sinus transmural pressure and therefore in a decrease and an 
increase in the activity of the carotid sinus baroreceptors with 
respect to the level determined by the existing arterial blood 
pressure. As in previous studies,!? the changes in pressure 
produced within the neck chamber were maintained stable 
for 2 minutes. The magnitude of pressure was such that once 
correction was made for the pressure loss through the neck 
tissues, pressure changes outside the carotid sinuses were 
between +30 and +40 mm Hg. 

Protocol: The subjects received no antihypertensive 
treatment for at least 1 week before hospitalization and 
treatment was also withheld during the first 2 weeks of hos- 
pitalization, while suitable diagnostic procedures were per- 
formed. During the last 5 days of the period of no treatment 
the arterial pressure (measured twice daily with the cuff 
method with the patient in the supine and upright positions) 
was constant in all subjects. Then the subjects underwent the 
first hemodynamic study, which was performed with the pa- 
tient in the supine position and was started at least 20 minutes 
after the positioning of the catheters to achieve satisfactory 
baseline conditions. Initially three cardiac output measure- 
ments were made with the patients relaxed and without any 
apparent emotional disturbance. Then exposure to cold and 
isometric and dynamic exercise were performed in a random 
order. Finally, positive and negative pressures within the neck 
chamber were applied. An interval of approximately 10 min- 
utes was maintained between the end of one test and the be- 
ginning of the next. During each test (except for the exposure 
to cold) cardiac output was measured immediately before and 
during the last 10 seconds of stimulus application. Plasma 
renin activity was measured with the patient supine and im- 
mobile before the performance of dynamic exercise. 

Therapy with methyldopa was started after the first he- 
modynamic study. 'The drug was administered orally at 12 
hour intervals: the initial daily dosage was 500 mg, which was 
increased every 5 days until a consistent reduction in arterial 
pressure became evident. The effective dosage of the drug 
(which ranged in the seven patients from 1,000 to 1,500 mg/ 
day) was maintained for at least 15 days. At the end of this 
period a hemodynamic study identical to the first one was 
repeated. 

Data analysis: To evaluate the effects of treatment with 
methyldopa on hemodynamics at rest, the multiple mea- 
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surements performed during the baseline period preceding 
the stimuli were averaged to obtain mean values for each pa- 
tient. These values were than averaged for all seven patients 
to calculate mean values (+ standard errors) of the baseline 
period for the entire group. The calculations were made sep- 
arately for the periods before and during methyldopa treat- 
ment and the comparison was made by the t test for paired 
observations. 

Effects of dynamic exercise, isometric exercise and cold 
were evaluated by comparing (t test for paired observations) 
hemodynamic values d&ring the 10 seconds immediately be- 
fore the stimulus (prestimulus values) with the average values 
during the last 10 seconds of the stimulus application (stim- 
ulus values). The significance of the responses to the stimuli 
before and after treatment was thereby evaluated. The effect 
of methyldopa on the responses was assessed by subtracting 
prestimulus from stimulus values and by comparing (t test 
for paired observations) the differences so calculated in the 
no drug (baseline) and methyldopa periods. Effects of in- 
creasing and decreasing neck pressure were evaluated by 
comparing average hemodynamic values occurring during the 
30 seconds preceding these stimuli and average values oc- 
curring either between the 5th and the 15th seconds or during 
the last 30 seconds of their application. This was done to take 
into account both the initial response and the late or steady 
state response of the carotid sinus baroreflex.!? Also, for the 
carotid baroreflex, evaluation of the significance of the early 
and steady state responses and of the effect of methyldopa was 
made by ¢ test for paired observations. 


Results 


Hemodynamics at rest (Fig. 1): When the patients 
were supine and without any physical or emotional 
disturbance, mean arterial pressure was significantly 
lower during than before administration of methyldopa 
(p <0.005), whereas cardiac output and heart rate were 
not significantly different under the two conditions. 
Therefore, the calculated total peripheral resistance was 
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FIGURE 1. Resting state. Hemodynamic values in seven hypertensive 
patients at rest and in the supine position before (C, solid circles) and 
during treatment with methyldopa (MD, open circles). Data are shown 
as mean values + standard errors for the group, the value for each 
subject being the mean of three measurements. b — beats; CO — 
cardiac output; HR — heart rate; | — liters; MAP — mean arterial pres- 
sure; TPR = total peripheral resistance. p values for statistical signifi- 
cance are reported in the text. 
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also significantly lower (p <0.02) during the adminis- 
tration of the drug, this effect accounting for the whole 
hypotensive response. 

Supine plasma renin activity was rather low in our 
patients before treatment with methyldopa (0.41 + 0.13 
ng/ml per hour). However, this low value was further 
reduced by treatment (0.18 + 0.06 ng/ml per hour) the 
difference being statistically significant (p «0.05). 

Dynamic exercise, isometric exercise and expo- 
sure to cold: Before treatment with methyldopa, dy- 
namic exercise (Fig. 2) caused a clear-cut increase in 
mean arterial pressure, a huge increase in cardiac output 
and heart rate and a very marked reduction in total 
peripheral resistance (p «0.001 for all responses). The 
extent of the changes induced by dynamic exercise was 
slightly less marked during treatment with methyldopa, 
but the difference was never statistically significant. 

Isometric exercise before treatment (Fig. 3) caused 
a moderate but highly significant increase in heart rate 
(p «0.001) and a clear-cut and significant increase in 
mean arterial pressure (p «0.001), which was largely due 
to a significant rise in cardiac output (p <0.05) with a 
small and nonsignificant rise in total peripheral resis- 
tance. During treatment with methyldopa, the hemo- 
dynamic changes induced by isometric exercise were 
either identical to those before treatment (cardiac 
output and heart rate) or slightly and nonsignificantly 
reduced (arterial pressure and peripheral resistance). 

Immersion of a hand in cold water before treatment 
with methyldopa (Fig. 4) caused a marked and signifi- 
cant increase in arterial pressure (p «0.001) and a 
modest but significant increase in heart rate (p <0.01). 
These hemodynamic changes were slightly smaller 
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FIGURE 2. Dynamic exercise (D.Ex.) in the seven subjects. Hemody- 
namic effects of this stimulus before and during treatment with meth- 
yldopa. Data are presented as in Figure 1. C — data before exercise; 
Ex. = data during the last 10 seconds of exercise; other abbreviations 
as in Figure 1. 
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FIGURE 3. Isometric (handgrip) exercise in the seven subjects. He- 
modynamic effects of this stimulus before and during treatment with 
methyldopa. Data are presented in Figure 1. C — data before exercise; 
HG = data during the last 10 seconds of handgrip exercise; other ab- 
breviations as in Figure 1. 


during treatment, but once again the differences were 
not statistically significant. Thus, methyldopa treat- 
ment did not significantly decrease the response to any 
of the stimuli studied. However, as the drug lowered 
baseline values of mean arterial pressure and total pe- 
ripheral resistance, the pressure and resistance values 
attained at the end of each test were significantly (p 
« 0.01) lower during administration of methyldopa. 
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FIGURE 4. Cold pressor test in the seven subjects. Hemodynamic ef- 
fects of the cold pressor test before and during treatment with meth- 
yldopa. Data are presented as in Figure 1. C — data before exposure 
to cold; CPT = data during the last 10 seconds of the cold pressor test; 
other abbreviations as in Figure 1. 


Carotid baroreceptor reflex (Fig. 5): Before 
treatment with methyldopa, an increase in the activity 
of the carotid sinus baroreceptors (obtained by reducing 
tissue pressure at the carotid sinuses by 37 + 2 mm Hg) 
caused a reduction in mean arterial pressure and heart 
rate during the early phase of the stimulus application 
and a slightly less pronounced hypotension, with no 
significant bradycardia during the later or steady state 
phase. A decrease in carotid baroreceptor activity (ob- 
tained by increasing neck tissue pressure by 34 + 2 mm 
Hg) caused as increase in mean arterial pressure and 
heart rate during the early part of the stimulus and an 
even greater increase in pressure (although not in heart 
rate) in the later part of it. All hemodynamic responses 
(with the exception of the late bradycardia) were sig- 
nificant at a p value of at least 0.05. During treatment 
with methyldopa, an increase in the carotid barore- 
ceptor activity (reduction in neck tissue pressure by 36 
+ 2 mm Hg) was accompanied by hypotensive and 
bradycardic responses that were entirely similar to those 
observed before treatment. In contrast, a reduction in 
the carotid baroreceptor activity (increase in neck tissue 
pressure by 32 + 1 mm Hg) was again accompanied by 
significant (p «0.05) pressor and tachycardic responses, 
although these were smaller than those observed before 
treatment both in the early and in the later phase of the 
baroreceptor inactivation (p «0.05). 

Figure 6 shows the steady state effects of decreasing 
and increasing carotid baroreceptor activity on cardiac 
output and total peripheral resistance in the same pa- 
tients whose data are shown in Figure 5. Before treat- 
ment with methyldopa, the pressor response to reduced 
baroreceptor activity was due entirely to an increase in 
total peripheral resistance (cardiac output showed a 
small but significant reduction [p «0.05]), whereas the 
depressor response to increased baroreceptor activity 
was due to a significant reduction in both total periph- 
eral resistance and cardiac output (p «0.05). During 
treatment with methyldopa, an increase in baroreceptor 
activity caused reductions in cardiac output and pe- 
ripheral resistance that did not differ significantly from 
those before treatment, while a decrease in baroreceptor 
activity caused a similar reduction in cardiac output but 
a significantly smaller increase in total peripheral re- 
sistance (p <0.01). 


Discussion 


This study sheds light on two clinically relevant as- 
pects of the antihypertensive action of methyldopa that 
had not previously been investigated or had been in- 
vestigated with conflicting results: (1) the hemodynamic 
effect of the drug in hypertensive patients, and (2) the 
extent to which treatment with methyldopa interferes 
with sympathetically mediated responses. These two 
aspects and their clinical implications will be separately 
discussed. 

Hemodynamic changes induced by treatment 
with methyldopa in hypertensive patients: Our data 
clearly confirm the results of previous studies?-!? that 
have also shown that the reduction in arterial pressure 
produced by methyldopa was largely caused by a re- 
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FIGURE 5. Carotid sinus reflexes in the seven 
subjects. Effects of decreasing and increasing 
carotid baroreceptor activity on mean arterial 
pressure (MAP) and heart rate (HR) before and 
during treatment with methyldopa. Data are shown 
as mean changes (+ standard error of the mean) 
from control values (C), Evepresenting the early 
response and SS the late or steady state response 
to baroreceptor manipulation. Degrease in baro- 
receptor activity was obtained by increasing neck 
tissue pressure (+NPT) at the carotid sinuses by 
34 + 3 mm Hg before and by 32 + 1 mm Hg dur- 
ing methyldopa treatment. Increase in barore- 
ceptor activity was obtained by decreasing neck 
tissue (—NTP) pressure at the carotid sinuses by 
37 + 2 mm Hg before and by 36 + 2 mm Hg dur- 
ing methyldopa therapy. 


duction in peripheral resistance. Indeed, cardiac output 
was not decreased in any of our subjects and all of them 
had markedly reduced peripheral resistance during 
treatment with methyldopa. The contrast of our data 
to results of previous investigators who had reported 
methyldopa to cause a decrease in cardiac output may 
depend on several factors. Some of the previous inves- 
tigators? used acute intravenous injection of methyl- 
dopa, whereas our study was done with doses that had 
produced a consistent reduction in arterial pressure for 
at least 2 weeks. These procedures make our data clearly 
more relevant for an interpretation of the hemodynamic 
effects of methyldopa in clinical practice. There is an 
additional factor that makes our conclusions more re- 
liable than some of those reported previously: Use of the 
thermodilution method enabled us to obtain a relatively 
large number of cardiac output measurements at rest 
both in the pretreatment period and during therapy 
with methyldopa (53 measurements in either case). All 
these factors support our conclusions that blood pres- 
sure reduction during therapy with methyldopa is 
achieved by means of peripheral vasodilatation with 
little or no action on the heart. 

Effects of methyldopa on sympathetic regulation 
of circulation: This aspect of the action of methldopa 
was the main object of our study and our results deserve 
some comment. The first finding is that the marked 
reduction in arterial pressure induced by methyldopa 
is not accompanied by more than minor alterations in 
the pressor, tachycardic and vasoconstrictor effects of 
stimuli like dynamic and isometric exercise, and expo- 
sure to cold, which are known to powerfully engage the 
sympathetic nervous system. If, as has been shown in 
experimental animals,!18-2 the antihypertensive effect 
of methyldopa in human subjects is also due to its action 
on central noradrenergic mechanisms, then these 
mechanisms would be capable of usefully depressing 
sympathetic discharge at rest, without preventing its 
physiologic activation in response to various stimuli and 
during various situations that require sympathetic ac- 
tivation for cardiovascular homeostasis. 
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A further insight into preservation of cardiovascular 
homeostasis during methyldopa treatment is provided 
by our testing of carotid baroreflexes. Both the re- 
sponses to carotid baroreflex stimulation and deacti- 
vation were preserved, although to a different extent. 
Hypotension and bradycardia induced by baroreflex 
stimulation were entirely unaffected by methyldopa, 
whereas the increases in blood pressure and in heart rate 
caused by reduction in baroreceptor activity were 
somewhat reduced by this drug. A simple explanation 
for this finding is that the reduced arterial pressure 
during methyldopa treatment moved the baseline 
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FIGURE 6. Effects of decreasing and increasing carotid baroreceptor 
activity in the seven subjects. Data for mean arterial pressure (MAP), 
cardiac output (CO) and total peripheral resistance (TPR) are shown as 
mean changes (+ standard error of the mean) from control values and 
were collected by measurements performed in the last 10 seconds of 
the alterations in neck tissue pressure described in Figure 5. 
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baroreceptor discharge close to its threshold level so 
that little further reduction (and therefore fewer further 
reflex effects) could be induced when a positive neck 
chamber pressure was applied during the period of drug 
administration. However, we have not observed this 
phenomenon in other studies in which positive neck 
chamber pressure was applied after arterial blood 
pressure was similarly reduced (see later). Thus, the 
possibility cannot be excluded that more complex 
mechanisms, perhaps directly related to the central site 
of action of the drug, may be responsible for the reduced 
responses to baroreceptor inactivation that we observed 
during treatment with methyldopa. 

Comparison with effects of other antihyperten- 
sive drugs: Our observations on methyldopa can be 
compared with findings we have obtained on other an- 
tihypertensive agents that act on the sympathetic sys- 
tem. Clonidine was administered to 16 hypertensive 
subjects at intravenous doses of 150 to 300 ug, with a 
resulting reduction in mean arterial pressure of 18 
percent. This drug did not reduce the magnitude of the 
pressor responses to exercise and exposure to cold, nor 
did it affect the blood pressure effects of carotid baro- 
receptor manipulation.?! Methyldopa is usually clas- 
sified in the same group (centrally acting drugs) of an- 
tihypertensive agents as clonidine.?? Our present ob- 
servations with methyldopa therefore show that this 
group of drugs does not interfere with autonomic control 
of circulation either when intravenously infused over 
a short period of time (as in our study of clonidine) or 
when orally administered for several weeks (as in this 
study of methyldopa). 
= Lack of interference with autonomic circulatory 
control is, however, not a characteristic only of centrally 
acting drugs. In another study by our group,” a pe- 
ripherally acting drug, prazosin, was administered to 
seven hypertensive subjects in oral daily doses of 3 to 
15 mg for 15 days, with a resulting reduction in mean 
arterial pressure of 11 percent. Also, prazosin did not 
affect the hemodynamic responses to exercise and cold 
or to alterations in carotid baroreceptor activity.?4 

However, there are other antihypertensive drugs that 
are known to interfere severely with circulatory control 
during upright posture and exercise.?? In a recent study 
we have examined the ganglionic blocking agent, tri- 
metaphan, with some of the tests employed in the 
methyldopa study. Trimetaphan was infused intrave- 


nously (1 to 4 mg/min) to 12 hypertensive patients who 
responded with a mean decrease in arterial pressure of 
19 percent, a decrease similar in magnitude to those 
obtained with methyldopa and clonidine. In contrast 
to the previous findings, administration of this agent 
was followed by marked alterations in the cardiovas- 
cular responses to carotid baroreceptor manipulation 
and exercise: In particular, the pressor response to re- 
duction in carotid baroreceptor activity was abolished, 
while the pressor response to isdmetric exercise was 
replaced by a marked depressor effect.?° 

Clinical and therapeutic implications: Our data 
have some clinical implications that are worth men- 
tioning. First, the absence of a decrease in cardiac out- 
put during administration of large doses of methyldopa 
(which induced pronounced hypotensive effects) should 
represent a therapeutic advantage insofar as peripheral 
blood flow will not be curtailed by a reduction in cardiac 
output. Data on regional circulation during treatment 
with methyldopa are scanty so far, but recent evidence 
points toward maintenance of several regional blood 
flows under this circeumstance.?.?5-90 

Second, the observation that neural excitatory effects 
upon the circulation are unchanged during adminis- 
tration of methyldopa also indicates a therapeutic ad- 
vantage insofar as in most instances neural excitatory 
effects are essential in maintaining circulatory ho- 
meostasis during conditions that depart from rest. 
Furthermore, unchanged excitatory effects during 
treatment with methyldopa guarantee that these con- 
ditions are associated with a blood pressure value lower 
than that which would occur in absence of the treat- 
ment. 

The last clinical implication of our findings refers 
to the smaller hemodynamic effects of reducing carotid 
baroreceptor activity that were observed during 
methyldopa therapy. This means that during admin- 
istration of the drug a reflexogenic area of primary im- 
portance is less able to counteract a reduction in blood 
pressure. This may explain the clinical observation that 
treatment with methyldopa may be more effective in 
reducing blood pressure values in the person in the 
upright rather than in the supine position.?! In any 
event preservation of a significant, although reduced, 
pressor response to baroreflex inactivation may explain 
why real orthostatic hypotension is an unfrequent event 
during therapy with methyldopa. 
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The acute effects of an oral preparation of amrinone, a recently synthe- 
sized cardiotonic agent, were assessed noninvasively in nine patients who 
had advanced heart failure that persisted despite treatment with digitalis, 
diuretic drugs and afterload-reducing agents. All patients demonstrated 
an improvement in left ventricular ejection fraction determined by ra- 
dionuclide ventriculography (20.3 + 2.8 to 30.8 + 4.8 percent [mean + 
standard error of the mean|, p <0.005) after a single dose of amrinone. 
Initial effects were seen within 1 hour, with the peak effect occurring at 
1 to 3 hours; persistent effects were demonstrable at 4 to 6 hours. No 
change in blood pressure, heart rate or rhythm was observed, and there 
was no clinical evidence of myocardial ischemia. Continued benefit was 
demonstrated by radionuclide ventriculography in two patients treated 
for 1 and 6 weeks, respectively, although two other patients experienced 
major side effects with the chronic administration of amrinone. Although 
orally administered amrinone shows promise as a potentially useful agent 
in the treatment of advanced heart failure, the safety of this drug remains 
to be established. 


Amrinone (5-amino-3,4'"-bipyridin-6(IH)-one), a recently synthesized 
bipyridine derivative, has been found to increase myocardial contractility 
in normal and failing animal and human hearts.!~> Amrinone’s mecha- 
nism of action is unclear; it appears to be unusual among positive ino- 
tropic agents in that it reportedly has no significant effect on sodium- 
and potassium-activated adenosine triphosphatase or on cellular levels 
of cyclic adenosine monophosphate. The positive inotropic effect of 
amrinone is not diminished by prior treatment with cardiac glycosides, 
by norepinephrine depletion with reserpine or by beta adrenergic 
blockade with propranolol. Thus, it appears to differ from both cardiac 
glycosides and beta adrenergic agonists.? In acute animal experiments, 
amrinone is a more potent inotropic agent than are the digitalis glyco- 
sides; it is capable of doubling contractile force without producing 
changes in blood pressure or heart rate or rhythm. 

When administered as an intravenous bolus or infusion, amrinone 
results in striking hemodynamic improvement in patients with idiopathic 
congestive cardiomyopathy^? or with ischemic cardiomyopathy® and 
persistence of congestive heart failure despite administration of full doses 
of digitalis. However, the long-term management of heart failure requires 
an orally active drug with an acceptable incidence of side effects.’ In the 
current study, we administered an oral preparation of amrinone acutely 
to nine patients who had overt congestive heart failure despite treatment 
with digitalis and diuretic drugs, and assessed its effects on left ven- 
tricular performance using radionuclide ventriculography. 


Methods 


Study patients (Table I): Nine patients with severe congestive heart failure 
were studied using a protocol approved by the Human Subjects Committee of 
the Peter Bent Brigham Hospital, Boston, Massachusetts. The patients (eight 
men and one woman) averaged 56 years in age (range 47 to 65). Six patients had 
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TABLE | 
Clinical Characteristics of Study Population 
Digoxin Amrinone Peak 
Level Dose Increase 

Case Age (yr) & Sex Diagnosis EF (96) (ng/ml) (mg/kg) in EF (96) 

1 59M Idiopathic congestive 17 1.6 4.0 E 112 
cardiomyopathy à 

2 54M Congestive cardio- 31 1.9 2.1 65 
myopathy, post AVR df 

3 55M Idiopathic congestive 11 1.5 2 64 
cardiomyopathy 

4 65M Ischemic congestive 11 1.6 B 4.0 45 
cardiomyopathy 

5 57F Ischemic congestive 26 1.1 4.0 58 
cardiomyopathy 

6 64M Ischemic congestive 17 1.0 2.2 24 
cardiomyopathy 

7 47M Ischemic congestive 15 1.3 2.2 20 
cardiomyopathy 

8 48M Ischemic congestive 21 "INC 2.3 14 
cardiomyopathy 

9 54M Ischemic congestive 34 1.2 1.6 53 
cardiomyopathy 

Mean 20 1.4 2.8 50 

SD 8 0.3 1.0 30 





AVR = aortic valve replacement; SD = standard deviation; EF = ejection fraction. 


ischemic cardiomyopathy, two had idiopathic cardiomyopathy 
and one had cardiomyopathy after aortic valve replacement 
for aortic regurgitation. All patients had marked cardiomegaly 
on chest roentgenography, and the baseline ejection fraction 
was less than 35 percent on radionuclide ventriculography. 
The normal radionuclide left ventricular ejection fraction at 
our institution is greater than 50 percent. Patients were hos- 
pitalized for at least 48 hours before study, maintained on a 
no-added salt diet and continued on digitalis and diuretic 
therapy (in addition to potassium supplements and oral 
antiarrhythmic agents as required). Eight patients had pre- 
viously required treatment with one or more oral vasodilators 
(three received hydralazine and seven prazosin), and six pa- 
tients were receiving these drugs at the start of the current 
study. Despite aggressive treatment with digitalis and diuretic 
drugs and (in six patients) vasodilators, eight patients were 
in New York Heart Association functional class? III or IV 
except one patient who was in functional class II at the time 
the administration of amrinone was begun. In those patients 
still receiving a vasodilator, that drug was not administered 
for at least 12 hours before study with amrinone, to allow any 
hemodynamic effects to dissipate.? Eight patients had sinus 
rhythm; the ninth had atrial fibrillation. 

Radionuclide ventriculography: After informed consent 
was obtained, the patients were studied in the postabsorptive 
state. Left ventricular ejection fraction was determined from 
the gated equilibrium radionuclide ventriculogram, using 
previously described methods.!? Red blood cells were labeled 
in vivo with a single dose of 20 to 25 mCi of technetium-99m 
pertechnetate, and imaging was performed in the modified 
left anterior oblique position using a 30? slant hole, straight 
bore collimator.!^!? After the operator identified the left 
ventricular perimeter, a computer algorithm independently 
generated background correction regions and thus a back- 
ground-corrected time-activity curve.!? Left ventricular 
ejection fraction was calculated from the end-diastolic and 
end-systolic frames using routine techniques.!? This method 
of determining the ejection fraction is independent of geo- 
metric constraints. Blood pressure was measured with routine 
sphygmomanometry. 


Amrinone administration: Baseline radionuclide ven- 
triculograms were obtained on at least two occasions during 
the control period to ensure patient stability and reproduc- 
ibility of the ejection fraction determinations. In four patients, 
baseline serial measurements of left ventricular ejection 
fraction were obtained at hourly intervals over a 4 hour period, 
usually on the day before amrinone administration. Amrinone 
was then administered as a single oral dose (1.6 to 4.0 mg/kg 
body weight). Ejection fraction, heart rate and blood pressure 
were measured at hourly intervals for 4 to 6 hours after ad- 
ministration of amrinone. The cardiac rate and rhythm were 
continuously monitored during the study period. 

Data analysis: Observations made before and after amri- 
none administration were compared using Student’s t test for 
paired data. Sequential responses were analyzed statistically 
by computing the t value for the response at each time and 
comparing the appropriate control with the pooled variances 
derived from a two-way analysis of variance. Computations 
were made on the logarithmic transform of the data. In all 
cases, the variance was assessed as being homogeneous on the 
log transform data by Bartlett's test.!^ Probability (p) values 
were found in Dunnett's tables for comparing multiple re- 
sponses with a single control.!^ Results are expressed as mean 
+ standard error of the mean and significance was p «0.05 
unless otherwise stated. Differences were nonsignificant with 
p 20.05. 


Results 


Control ejection fraction: The two determinations 
of left ventricular ejection fraction during the control 
period were similar (19.3 + 2.0 versus 20.3 + 2.8 percent, 
mean + standard error of the mean, p = NS); in seven 
of the nine patients, the two determinations were within 
2 percent of each other, attesting to the reproducibility 
of the radionuclide technique and the patients’ stable 
state. 'l'here was no significant change in ejection frac- 
tion in patients studied sequentially over 4 hours during 
the control period before amrinone administration (Fig. 
1A). 
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Ejection fraction after a single dose of amrinone: 
All patients demonstrated an increase in left ventricular 
ejection fraction after administration of amrinone (Fig. 
2). The relative increase averaged 50 percent, the peak 
ejection fraction rising from a mean of 20.3 + 2.8 to 30.8 
+ 4.8 percent (p «0.005, Fig. 2). The magnitude of im- 
provement wás not clearly related to the initial degree 
of impairment o&ventricular performance or to the dose 
of amrinone (Ta I). The hemodynamic effect began 
at 1 hour, the maximal effect was noted at 1 to 3 hours 
and the action persisted 4 to 6 hours (Fig. 1B). 

Other acute effects of amrinone: Heart rate and 
blood pressure were unchanged after administration of 
amrinone (Fig. 3). No change in the ventricular rate was 
observed in the patient with atrial fibrillation. No toxic 
side effects were observed with the acute oral admin- 
istration of amrinone. Specifically, there was no elec- 
trocardiographic or clinical evidence of increased 
myocardial ischemia. 

Prolonged amrinone administration: Because of 
the encouraging results obtained with the acute ad- 
ministration of oral amrinone, all nine patients have 
been continued on amrinone therapy for 2 to 9 weeks 
(mean 5 weeks). The doses have been 2 to 4 mg/kg given 
orally two or three times daily. Six of the nine patients 
have experienced subjective improvement in their 
symptoms of congestive heart failure, and administra- 
tion of the drug has been continued. Serial radionuclide 
ventriculograms obtained in two of these six patients 
demonstrate the continued efficacy of oral amrinone 
over periods of 1 and 6 weeks, respectively (Fig. 4). 


Discussion 


Acute effects of oral amrinone: Acute oral ad- 
ministration of amrinone resulted in improved cardiac 
performance in each of nine patients with heart failure 
that persisted despite treatment with digitalis and di- 
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FIGURE 2. Effect of a single dose of oral amrinone on peak left ven- 
tricular ejection fraction (EF) in nine patients. Mean + standard error 
of the mean are shown. 
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HOURS 
FIGURE 1. Sequential determination of left ventricular ejection fraction 
(EF) during the control period (A) and after the oral administration of one 
dose of amrinone (B), which was given at time 0. Mean 4- standard error 
of the mean are shown. NS = not significant; p = probability. 


uretic drugs. Left ventricular ejection fraction increased, 
without a significant change in heart rate, blood pres- 
sure or cardiac rhythm. No untoward effects or toxicity 
was noted in this acute study. 

The validity of the measurement of ventricular per- 
formance is supported by the highly reproducible 
ejection fraction values obtained during the control 
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FIGURE 3. Heart rate as well as systolic and diastolic blood pressure 
(mean + standard error of the mean) after a single dose of oral amri- 
none, which was given at time 0. 


June 1980 The American Journal of CARDIOLOGY Volume 45 1247 


ORAL AMRINONE IN HEART FAILURE—WYNNE ET AL. 


A |B 
60 Control 
Amrinone 


EF (%) 





DAY 


period. The average increase in ejection fraction (50 
percent) is comparable with the improvement in cardiac 
output observed previously with the intravenous ad- 
ministration of amrinone.* The doses of oral amrinone 
employed (1.6 to 4.0 mg/kg) were similar to those that 
resulted in significant improvement in contractility as 
reflected in systolic time intervals in normal subjects 
in a double-blind placebo-controlled crossover 
study.!9 

Because this investigation was an initial study of an 
oral preparation of amrinone in patients with congestive 
heart failure, the optimal dose of the drug had not been 
established. For this reason, a wide range of doses was 
administered (1.6 to 4.0 mg/kg) in an effort to determine 
the optimal dosage. The majority of patients (six of 
nine) demonstrated at least a 45 percent increase in 
ejection fraction, suggesting that even the smaller doses 
of amrinone were pharmacologically maximally effec- 
tive. Further study of the dose-response relation will be 
required to clarify this question. 

Possible deleterious effects: Patients with isch- 
emic, idiopathic and postoperative cardiomyopathy 
responded similarly to amrinone. No deleterious effects 
were noted in the patients with coronary artery disease. 
Despite evidence of improved cardiac performance, 
none of the patients had ischemic chest pain or elec- 
trocardiographic changes suggestive of ischemia during 
the acute oral administration of the drug. Although a 
positive inotropic agent such as amrinone might be 
expected to increase myocardial oxygen demands and 
thus intensify ischemia in patients with coronary artery 
disease, in the presence of heart failure and cardiac di- 
latation a positive inotropic agent would be expected 
to lead to a reduction in left ventricular size and there- 
fore wall tension. The reduction in oxygen requirements 
resulting from reduced wall tension!’ may effectively 
counterbalance the increased oxygen needs due to in- 
creased contractility. Nonetheless, the observation that 
amrinone intensifies experimentally produced myo- 
cardial ischemia!? suggests that it may be hazardous in 





FIGURE 4. Effects of amrinone on left ventricular 
ejection fraction (EF) in two patients (A, Case 5; 
B, Case 2) who had received oral amrinone in a 
dose of 2.5 mg/kg three times daily for 1 (A) and 
6 (B) weeks. Control ejection fraction before and 
1 hour after a single dose of amrinone is shown on 
the 1st and 7th or 42nd day of continuous 
therapy. 


patients with acute myocardial infarction or other acute 
ischemic syndromes. 

The mechanism of improvement in ventricular 
performance in our patients appears to have been the 
result of increased myocardial contractility, perhaps 
associated with reduced afterload. Both effects have 
been reported to result from administration of amrinone 
in animals and human beings,* and our study was not 
designed to investigate this question further. However, 
irrespective of any possible vasodilator effect, systemic 
blood pressure was unchanged after the acute admin- 
istration of oral amrinone. 

Long-term adverse reactions: The principal goal 
of the current study was to determine the acute effects 
of a single dose of amrinone administered orally to pa- 
tients with severe congestive heart failure. Despite the 
encouraging results of oral amrinone administration, 
the safety of long-term administration remains to be 
established. Indeed, in two of nine patients treated 
chronically, adverse reactions to the drug occurred. 
'Thrombocytopenia occurred in both patients, although 
neither patient demonstrated overt evidence of bleed- 
ing. [n addition, in one of the two patients fever devel- 
oped and in the other nephrogenic diabetes insipidus 
developed. All adverse reactions resolved after amrinone 
administration was discontinued. 

Implications: Orally administered amrinone shows 
promise as a new drug that augments left ventricular 
performance when administered acutely to patients 
with persistent congestive heart failure despite treat- 
ment with digitalis and diuretic drugs. No change in 
blood pressure or in heart rate or rhythm was observed. 
However, serious side effects in two patients indicate 
that further studies are required to define the safety of 
amrinone in the long-term management of left ven- 
tricular dysfunction in human beings. 
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The actions of acetylprocainamide, the major metabolite of procainamide 
in man, were studied in a placebo-controlled oral-dose-ranging trial in 
16 persons with arrhythmias. The occurrences of arrhythmias decreased 
in 15 patients receiving acetylprocainamide and increased subsequently 
in 10 of 13 patients given placebo. The frequency of arrhythmias was 
reduced by more than 75 percent in nine patients. Antiarrhythmic effects 
were dependent on dose and serum drug concentrations, with levels of 
10 to 24 ug/ml observed in patients with a reduction of more than 70 
percent in premature ventricular complexes. The ratio of preejection 
period to left ventricular ejection time decreased during therapy. Side 
effects of light-headedness, insomnia, nausea and diarrhea occurred in 
six patients at. serum levels ranging from 11 to 22 g/ml. The serum 
half-life of acetylprocainamide lengthened from 7 to 21 hours as the 
creatinine clearance decreased from 105 to 35 ml/min. Acetylprocain- 
amide has antiarrhythmic efficacy, but causes side effects in human 
beings. This compound appears to contribute to the effects of procain- 
amide therapy and may be useful as an antiarrhythmic drug. 


Acetylprocainamide (acecainide, NAPA®) is the major metabolite of 
procainamide in man. Its plasma concentration in persons receiving 
procainamide often exceeds that of procainamide.!? Acetylprocainamide 
has been found to have important pharmacologic and antiarrhythmic 
effects in animals.?-? Its antiarrhythmic effect in human beings has been 
inferred from evaluating the intensity of effect of procainamide therapy 
in patients under circumstances in which this metabolite appeared to 
contribute significantly to the drug’s effects?? and from one small clinical 
trial in a coronary care unit. We therefore studied the effects of 
acetylprocainamide in ambulatory patients with arrhythmias to evaluate 
acetylprocainamide as an antiarrhythmic drug as well as improve our 
understanding of procainamide therapy. 


Methods 


Study patients: Sixteen fully informed and freely consenting patients with 
significant ventricular arrhythmias (defined as a frequency of ventricular pre- 
mature complexes of greater than 60/hour before hospitalization for this study, 
pairs of complexes or ventricular tachycardia seen in a 10 to 24 hour ambulatory 
electrocardiographic recording) were admitted to the Clinical Research Center 
of the New York Hospital for this study. In four cases (Patients 8, 9, 14 and 16) 
the frequency of ventricular premature complexes decreased to less than 60/hour 
after several days' stay in the hospital and after receiving placebo therapy. 

The patients' clinical characteristics are summarized in Table I (note that no 
patient was assigned number 13). Many patients had received antiarrhythmic 
drugs before this study (Table II), but these drugs either were ineffective at the 
doses used or were causing side effects. There were 11 men and 5 women ranging 
in age from 20 to 83 years. Eleven patients had evidence of coronary heart disease, 
10 having had previous myocardial infarction and one having angina pectoris. 
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TABLE | 
Clinical Characteristics in 16 Patients* 
Age (yr) NYHA 
Case & Sex Diagnoses Class Arrhythmia Other Medication 
1 50M ASCVD, S/P MI, congestive heart I VPCs, MF, PRS, PVT Digoxin, furosemide, hydralazine, long- 
i failure presyncope acting nitrates, potassium, allopurinol, 
warfarin, diazepam 
2 iN ASCVD, S/P MI, mitral regurgitation I VPCs, UF, PRS, PVR Digoxin, furosemide 
3 62F ASCVD, S/P MI ll VPCs, MF, PRS, PVT Diazepam, heparin, chloral hydrate 
E 65M ASCVD, S/P MI, angina pectoris I VPCs, UF Propranolol, long-acting nitrates, digoxin, 
colchicine, chloral hydrate, diazepam 
5 49M Alcoholism | VPCs, UF, PRS, PVT Digoxin, thiamine, antacids, Colace® 
syncope 
6 20F RV dysplasia | VPCs, MF, PRS, PVT, None 
syncope 
7 57M ASCVD, S/P MI, S/P CAVB and I VPOCs, MF, PRS, PVR, Digoxin, furosemide, warfarin 
aneurysmectomy, congestive heart presyncope 
failure 
8 62M ASCVD, SP/MI, hemochromatosis I VPCs, MF, PRS Digoxin, chlorpropamide, potassium 
9 83M Chronic pulmonary disease, II VPCs, MF, PRS, PVT Digitoxin, hydrochlorothiazide, potassium 
myocardial fibrosis(?), congestive 
heart failure 
10 61F No myocardial disease | VPCs, UF, PRS, PVT Colace 
presyncope 
11 66M ASCVD, S/P MI, congestive heart I VPCs, MF, PRS Digoxin, hydrochlorothiazide, methyldopa, 
failure potassium 
12 66M ASCVD, S/P MI, congestive heart IV VPOCs, MF, PRS, PVT Digoxin, furosemide, long-acting 
failure nitrates, potassium, flurazepam, 
Colace, aspirin 
14 75M ASCVD, S/P MI I VPCs, MF, PRS Digoxin, furosemide, nitrates, diazepam 
15 67F Cardiomyopathy, congestive heart IV VPCs, MF, PRS, PVT Digoxin, furosemide, potassium, long- 
failure acting nitrates 
16 53M ASCVD, S/P MI, S/P cardiac arrest I T palpitations, Digoxin, nitrates, diazepam 
/P VF, UF 
17 69F ASCVD, angina, HCVD I VPCs, MF Digoxin, propranolol, hydrochlorothiazide, 


nitrates, potassium 





* No patient was assigned number 13. 


ASCVD = atherosclerotic cardiovascular disease; CAVB = coronary arterial vein bypass; HCVD = hypertensive cardiovascular disease; MF 


= multifocal; MI = myocardial infarction; NYHA = New York Heart Association; PRS = pairs; PVR = 


paroxysmal ventricular rhythm; PVT = paroxysmal 


ventricular tachycardia; RV = right ventricular; S/P = status post; UF = unifocal; VF = ventricular fibrillation; VPCs = ventricular premature com- 


plexes. 


One patient had right ventricular dysplasia, one congestive 
cardiomyopathy and another stable chronic obstructive pul- 
monary disease; two other patients had no evidence of 
underlying cardiovascular disease. Ten patients were under 
treatment for congestive heart failure; of these, two were in 
New York Heart Association class III!! and two were in class 
IV, while the others were in a stable compensated state 
throughout the study. Symptoms of syncope, dizziness and 


TABLE Il 


Previous Antiarrhythmic Therapy and Its Effects in 16 Patients 


palpitation related to the arrhythmia were present in seven 
patients. Eleven patients had received previous antiar- 
rhythmic therapy but had had inadequate response, or un- 
acceptable side effects, or both (Table II). No patient had 
digitalis intoxication or hypokalemia. 

Treatment protocol: All antiarrhythmic medications were 
discontinued at least 48 hours prior to the patient’s admission 
to the hospital. Baseline studies were performed that consisted 








Case Quinidine Procainamide Propranolol Disopyramide 

1 Ineffective Contraindicated 
2 £X 
3 3" "ue 

4 Ineffective Ineffective 

5 vts "T 

6 Ineffective ; Fatigue 

e 7 X Ineffective Contraindicated 

8 Ineffective Contraindicated 
9 Diarrhea T 

10 v. 

11 sc ius 

12 Arthritis, pos ANA Contraindicated 

14 CHF Contraindicated aan 

15 mid Drug fever Contraindicated CHF 

16 Ineffective Pericarditis, pos ANA Hypotension e 

17 v Arthritis, pos ANA, hepatitis Ineffective Ineffective 


CHF = congestive heart failure; pos ANA = positive antinuclear antibody test. 
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TABLE Ill 
Therapeutic Protocol 





Placebo | Acetylprocainamide | (2-6 g/day) 


Acetylprocainamide II 


Placebo Il (optimal dose) 





24 hour ambulatory 24 hour ambulatory ECG starting 
ECG 48 hours after each dose 
increase. Acetylprocainamide 
serum levels determined. 


24 hour ambulatory ECG starting 


24 hour ambulatory ECG 


24 to 72 hours after last starting 48 hours after 


acetylprocainamide dosage. acetylgrocainamide 
Acetylprocainamide serum theray resumed. 
levels determined for serum 

half-life study. 





ECG = electrocardiogram. 


of a 15 lead electrocardiogram, chest X-ray film, determina- 
tion of endogenous creatinine clearance, liver function studies 
(lactic dehydrogenase, serum glutamic oxaloacetic and pyruvic 
transaminases, bilirubin) complete blood count and deter- 
mination of blood urea nitrogen, serum electrolytes, eryth- 
rocyte sedimentation rate and antinuclear antibody reaction. 
The dose-ranging protocol for the study is outlined in Table 
III. For the first 24 hours after admission to the study, all 
patients were placed on placebo* medication (one tablet every 
6 hours). À monitor was attached to each patient for a 24 hour 
electrocardiogram and the patient was encouraged to walk 
around the floor. Patients were then started on a regimen of 
acetylprocainamide, 0.5 to 1.5 g every 6 hours for 72 hours. 
During the last day of the period, an ambulatory 24 hour 
electrocardiogram was obtained. Blood levels of acetylpro- 
cainamide were determined at the end of a dosing interval 
(that is, just before the next scheduled dose) after 48 and 72 
hours of therapy. Doses of acetylprocainamide were increased 
every 72 hours according to the protocol until an acetylpro- 
cainamide dose of 6 g/day or an acetylprocainamide level of 
30 ug/ml or adequate suppression of arrhythmia was achieved 
or until intolerable side effects occurred. After this period, 
patients entered into a second placebo phase (of 48 to 72 
hours) during which blood was drawn every 6 hours for de- 
termination of acetylprocainamide levels and the acetylpro- 
cainamide serum half-life was calculated. A repeat 24 hour 
electrocardiogram was obtained in the last 24 hours of this 
placebo period. 

Patients who had an increased number or persistence of 
ventricular premature complexes during this second placebo 
period entered a second drug period. Each received the dose 
of acetylprocainamide identified as the maximal nontoxic dose 
during the first acetylprocainamide period. This lasted 72 
hours with a 24 hour electrocardiogram and acetylprocaina- 
mide levels again obtained in the last 24 hours of the period. 
After this, chronic acetylprocainamide therapy was insti- 
tuted. 

At the end of each day, each patient completed a ques- 
tionnaire about the drug's side effects. 

Electrocardiographic and arrhythmic analysis: Each 
24 hour electrocardiographic recording was obtained by an 
Avionics 445 two channel Electrocardiorecorder, allowing for 
continuous electrocardiogram recording stored on electro- 
magnetic tape. Each tape was analyzed in its entirety using 
an Avionics 668 cardioscanner at 60 times real time by a skilled 
technician unaware of the drug therapy of the patient. All 
ventricular premature complex counts were made visually. 


* Acetylprocainamide (acecainide, NAPA®) in 0.5 g tablets and 
placebo tablets were supplied by Arnar Stone Laboratories, Inc., McGaw 
Park, Illinois. 


When abnormalities were noted, the tape was visualized at 
real time for analysis. When repeat counts were made 6 to 12 
months after the initial count on 10 randomly selected tapes, 
the variation in ventricular premature complex counts was 
4.9 + 4.3 percent (mean + standard deviation [SD]). The 
frequency of ventricular premature complexes was determined 
by dividing the total number of such complexes counted by 
the total number of minutes of recording. Heart rate was de- 
termined by dividing the total number of QRS complexes 
counted by the number of minutes of recording. P-R, QRS and 
Q-T. (corrected by the Bazett formula) intervals were mea- 
sured from printouts obtained during the first hour of each 
recording. 

Studies of cardiac function: Blood pressures with the 
patient in both the supine and erect positions were measured 
at the end of each dosing interval throughout the study. 
Noninvasive hemodynamic tests were performed at the end 
of each 24 hour electrocardiographic taping. Each of these 
studies was performed at the same time of day in any given 
patient by a physician and technician not knowledgeable as 
to the medication the patient was receiving. Echocardiograms 
were obtained using an SKF M mode Echocardiorecorder with 
a strip-chart recorder run at 50 mm/s. Ventricular interval 
dimensions at end-diastole and end-systole and the ejection 
time were measured and used to determine percent of frac- 
tional shortening, ejection fraction and mean circumferential 
fiber shortening.!?:? Systolic time intervals measured from 
carotid pulse tracings and simultaneous phonocardiograms 
were corrected for heart rate using the regression equation of 
Lewis et al.!4 to yield the preejection period index and the left 
ventricular ejection time index. 

Quantitation of acetylprocainamide in serum by flu- 
orometry: Acetylprocainamide levels were determined in the 
serum by the fluorometric procedure of Reidenberg et al.! 
However, because of the high levels present after acetylpro- 
cainamide administration, the procedure was modified as 
follows: 0.4 ml of serum was alkalinized by the addition of 25 
ul of 10N sodium hydroxide and subsequently extracted with 
6 ml of chloroform by placing for 1 minute in a Vortex-Genie. 
After centrifugation and aspiration of the aqueous phase, 5 
ml of the organic phase was withdrawn and extracted with 4 
ml of 0.1N hydrochloric acid (centrifuged for 1 minute). The 
fluorescence of the acid phase was then measured in an Am- 
inco-Bowman Spectrophotofluorometer at 340 nm during 
excitation at 285 nm (uncorrected). The upper limit of the 
linear range for acetylprocainamide by this procedure is 16 
ug/ml (free base) in serum. Concentrations greater than this 
were determined by diluting the final acid phase so that its 
fluorescence was less than that observed in the acid phase 
from a 16 ug/ml serum standard. The concentration so de- 
termined was then multiplied by the dilution factor. The re- 
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TABLE IV 


Number of Ventricular Premature Complexes per Minute 
During Placebo Periods and While Patient Received 
Maximal Nontoxic Dose of Acetylprocainamide 


Case Placebo | Acetylprocainamide | Placebo Il 
1 9 93 0.10 (-99%)* 2.86 
2 19. 17.20 (—11%) T 
3 35.7 0.01 (—100%) .0.02 
4 17.08 0.24 (—99%) 18.49 
5 7.59 1.54 (—8096) 4.79 
6 7.90 1.72 (—7896) 7.56 
7 1.85 * 0.22 (—8896) 0.51 
8 0.11 0.41 (-27396) 0.39 
9 0.73 0.45 (—3896) 0.32 

10 5.87 4.14 (—3096) T 

11 3.26 1.22 (—6396) 3.58 

12 6.07 0.41 (—9396) t 

14 0.18 0.10 (—4496) 9.56 

15 1.98 0.27 (—8696) 3.00 

16 0.24 0.03 (—8896) 0.17 

17 5.00 1.90 (—6296) 3.10 

Mean 7.68 1.87 3.49! 

SEM 2.36 1.075 1.40 





* Percent of change compared with that of placebo period |. 

t Trial terminated because of side effects. 

tł Patient's physician objected to second placebo period. 

$ p «0.005 when acetylprocainamide | is compared with placebo 
period I. 

Í p <0.005 when placebo period Il is compared with acetylpro- 
cainamide period | and Cases 2, 10 and 12 are omitted. The mean for 
acetylprocainamide | without these patients is 0.63 + 0.19. 

SEM = standard error of the mean. 


covery rate was 90 percent. The coefficient of variation of this 
method, obtained from replicate analysis of a 9 ug/ml serum 
pool, is 3. percent. 

Statistical analysis: The paired-sample t test was used to 
determine the significance of reduced frequency of premature 
ventricular complexes and to ascertain statistically significant 
differences in electrocardiographic and hemodynamic vari- 
ables. In order for the normal probability distribution as- 
sumption of the t test to be satisfied, a log transformation was 
used in evaluation of the ventricular premature complex fre- 
quency data.!? Results are reported as the mean + standard 
error of the mean (SEM). All p values refer to two-sided 
tests. 


Résults 


Antiarrhythmic efficacy: Table III presents the 
measured ventricular premature complexes/min in each 
of the 16 patients during the placebo periods and at the 
maximal acetylprocainamide dose during the dose- 
ranging. All but one patient showed a reduction in fre- 
quency of ventricular premature complexes with 
acetylprocainamide. In nine patients this reduction was 
greater than 75 percent. The mean number of ventric- 
ular premature complexes in all patients decreased from 
7.68 + 2.36/min during the placebo period to 1.87 + 
1:07/min during maximal acetylprocainamide therapy, 
a statistically significant reduction of 75 percent (p 
<0.005). Thirteen patients were placed on placebo 
therapy after this acetylprocainamide dose-ranging. 
They showed an increase in mean ventricular premature 
complexes/min from 0.63 + 0.19/min with acetylpro- 
cainamide therapy to 3.49 + 1.40/min at the end of 48 
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TABLE V 


Summary of Results in 11 Patients Completing All Phases 
of Trial 





Case Placebo | NAPA | Placebo Il NAPA II 

1 9.93 0.1 2.86 0.03 

4 17.08 0.24 18.49 2.46 

5 7.59 1.54 4.79 13 

6 7.9 1.72 7.56 5.3 

7 1.85 0.22 0.51 0.36 

8 0.11 0.41 0.39 0.38 

9 0.73 0.45 0.32 0.25 
14 0.18 0.10 0.56 0.20 
15 1.98 0.27 3.0 0.2 
16 0.24 0.03 0.17 0.02 
17 5.0 1.9 3.1 3.6 
Mean 4.78 0.64 3.80 1.28 
SEM 1.63 0.22 1.63 0.53 
p «0.01* «0.001! «0.021 


* Placebo | versus NAPA I. 
t NAPA I versus placebo Il. 
t Placebo Il versus NAPA II. 
NAPA = acecainide (acetylprocainamide). 


hours of placebo medication (p <0.005) (Table IV). 
Eleven of these 13 patients then resumed taking 
acetylprocainamide at the previously established dos- 
age. One patient left the study when there was no return 
of ventricular premature complexes during the second 
placebo period; another patient elected to leave the 
study for personal reasons. The results for the 11 pa- 
tients who completed the full protocol are presented in 
Table V. The frequency of ventricular premature 
complexes decreased during the acetylprocainamide 
periods compared with that during the placebo periods. 
When measurements for both placebo periods and both 
acetylprocainamide periods were averaged in the 11 
patients, the mean frequency of ventricular premature 
complexes decreased from 4.29 + 1.59/min in the pla- 
cebo period to 0.96 + 0.36/min with the optimal dosage 
of acetylprocainamide. This is a 78 percent reduction 
in mean frequency of ventricular premature complexes 
(p <0.005). The mean acetylprocainamide dose in these 
11 patients was 4.6 g/day (range 2.5 to 6.0). The mean 
serum acetylprocainamide concentration at the end of 
a dosing interval was 17 ug/ml (range 10 to 24). 

The relation between serum acetylprocainamide 
levels and suppression of arrhythmia is shown in Fig- 
ure 1. When measured at the end of a dosing interval, 
serum acetylprocainamide levels of 10 to 24 ug/ml were 
observed in patients having a greater than 70 percent 
reduction in the frequency of premature ventricular 
complexes. 

The serum half-life of acetylprocainamide was 
evaluated in 12 patients who underwent a second pla- 
cebo trial (Fig. 2). The mean half-life of acetylprocain- 
amide in these patients was 14 hours with a range of 7 
to 20.5. This wide range occurred in part because 
acetylprocainamide half-life lengthens as creatinine 
clearance decreases. 

Hemodynamic effects: The mean value of the sys- 
tolic blood pressures increased from 121.8 + 4.3 mm Hg 
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SERUM ACETYLPROCAINAMIDE (g/ml) 


FIGURE 1. Change in frequency of ventricular premature complexes 
(VPC's) during dose-ranging compared with that after initial placebo 
therapy plotted against the serum acetylprocainamide concentration 
achieved at the end of a dosing interval rather than after individual dose. 
Each numeral refers to a patient number. There is more than one point 
for some patients because the effect at several doses is shown. Patient 
3 is excluded because acetylprocainamide blood level was not moni- 
tored in this patient. Patient 8 is excluded because acetylprocainamide 
was ineffective in this patient. 


during placebo therapy to 124.0 + 2.8 mm Hg during 
maximal acetylprocainamide dosage. T'he mean of the 
diastolic blood pressures increased from 76.5 + 2.6 mm 
Hg during placebo to 78.1 + 2.3 mm Hg during maximal 
acetylprocainamide dosage. These changes were not 
significant.. | 

The mean heart rate decreased from 75.3 + 5.5 
beats/min in the placebo period to 66.8 + 2.7 beats/min 
during maximal acetylprocainamide therapy (p «0.01 ). 
Measurements of P-R, QRS and Q-T intervals showed 
no significant difference when the placebo period 
tracings were compared with those obtained during 
maximal acetylprocainamide therapy. The Q-T. in- 
terval increased from a mean of 445 + 10 ms during 
placebo therapy to 469 + 9 ms during acetylprocaina- 
mide therapy, a change that was not statistically sig- 
nificant. 

Systolic time intervals were evaluated in 11 patients. 
Comparison of the first maximal acetylprocainamide 
period with the initial placebo period revealed a de- 
crease in the mean preejection period index from 151 
+ 4 to 143 + 4 ms, a 5 percent reduction (p <0.05), an 
increase in mean left ventricular ejection time index 
from 377 + 2 to 381 + 2 ms (not significant), a decrease 
in the mean ratio of preejection period to the left ven- 


SERUM ACETYLPROCAINAMIDE HALF-LIFE (HR) 
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FIGURE 2. Effect of renal function (as measured by creatinine clear- 
ance) on acetylprocainamide serum half-life. Each point refers to a 
different patient. HR — hour. 


tricular ejection time (PEP/LVET) from 0.48 + 0.03 to 
0.44 + 0.03, a9 percent reduction (p <0.005) (Fig. 3) and 
a decrease in the mean Q-S» index from 528 + 1 to 524 
+ 1 ms (not significant). 

Echocardiograms were evaluated in 11 patients in 
the initial placebo and drug periods. The mean percent 
of fractional shortening increased from 29 + 3 percent 
in the placebo period to 32 + 4 percent during maximal 
acetylprocainamide therapy (Fig. 4). The mean ejection 
fraction increased from 62 + 5 to 65 + 5 percent and the 
mean circumferential fiber shortening from 0.9 + 0.1 to 
1.0 + 0.2 circumferences/s. These changes are not sta- 
tistically significant. 

Side effects: Six patients experienced side effects 
during the initial dose-ranging period (Table VI). Side 
effects were severe enough in four patients to limit 
dose-ranging, and two of these four left the trial because 
of these effects. Light-headedness occurred in five pa- 
tients and insomnia in three. Nausea, diarrhea and 
blurred vision also occurred. The mean acetylprocain- 
amide dosage in these six patients was 3.5 g/day (range 
2.0 to 5.0). The mean serum acetylprocainamide level 
in these patients was 18 ug/ml (range 11 to 22). This is 
within the range of levels found to be effective and 
nontoxic in other patients. Side effects disappeared in 
all six patients within 24 hours of discontinuation of 
acetylprocainamide therapy either by commencement 
of the second placebo period or by withdrawal from the 
study. In three of these patients who continued on 
acetylprocainamide therapy after the acute study, side 
effects disappeared after 1 month with no change in 
dose. 


Discussion 


Antiarrhythmic effect of acetylprocainamide: An 
antiarrhythmic effect was clearly demonstrated in this 
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FIGURE 3. Effect of acetylprocainamide compared with placebo on 
the systolic time interval ratio of the preejection period (PEP) to the left 
ventricular ejection time (LVET). 


study by suppression of chronic ventricular premature 
complexes. Recent investigators have reported that a 
marked sporadic variation in frequency of ventricular 
premature complexes, makes it difficult to assign an 
arbitrary percent reduction in the count of such com- 
plexes as an indicator of an individual’s drug re- 
sponse.16.!7 For this reason it has been suggested that 
drug responsé in the total study group be evaluated 
when an investigator is determining the efficacy of a new 
antiarrhythmic medication.!? In accord with this view, 
we have shown a 75 percent reduction in mean fre- 
quency of ventricular premature complexes when 
comparing the maximal nontoxic acetylprocainamide 
drug therapy period with the placebo period in our total 
patient group. Our arbitrary limits of 6 g acetylprocain- 
amide daily or 30 ug/ml in serum may have been below 
the maximal nontoxic dose or level for some patients.* 
The increase in premature complexes as the acetyl- 
procainamide level decreased during the second placebo 
period confirmed the antiarrhythmic activity of the 
drug. 

The half-life of acetylprocainamide increased from 
7 to 21 (mean, 14) as the creatinine clearance decreased 
from 105 to 35 ml/min. This is consistent with a previous 
report that 85 percent of acetylprocainamide is excreted 
unchanged by the kidney.!? In contrast, procainamide 


* Ventricular premature complexes increased in Patient 5 while he 
was on chronic therapy (6 g daily) and had a serum acetylprocainamide 
level of 16 ug/ml. When the dosage was increased to 8 g daily and his 
serum level rose to 24 ug/ml, ventricular premature complexes de- 
creased from 16 to 0 to 0. 1/min. This low rate was sustained over a 9 
month follow-up period. 
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FIGURE 4. Effect of acetylprocainamide compared with placebo on 
percent of fractional shortening observed echocardiographically. 


has a 3.5 hour half-life in patients with normal renal 
function!? and this is only slightly prolonged to 5 to 7 
hours when creatinine clearance ranges from 50 to 100 
ml/min.? The long half-life of acetylprocainamide 
compared with that of procainamide should allow for 
longer intervals between doses of acetylprocainamide 
than those between doses of procainamide. 

Side effects: The side effects of light-headedness, 
insomnia, nausea, diarrhea and blurred vision are sim- 
ilar to those seen with procainamide?! and were severe 
enough in 2 of 16 patients to necessitate discontinuation 
of acetylprocainamide therapy. Because the acetyl- 
procainamide levels measured in the patients with side 
effects were in the range observed in some patients 
treated with procainamide, it is likely that this metab- 
olite contributes to the toxicity observed during long- 
term procainamide therapy. 








TABLE VI 
Side Effects of Acetylprocainamide 
Acetylprocain- 
amide 
Serum Level 
Case Nature of Effect Daily Dose (g) (ug/ml) 
1* Insomnia, light- 3.0 20 
headedness 
2 Insomnia, light- 4.0 21 
headedness 
7 Tingling 4.0 22 
9* Insomnia, diarrhea 2.0 12 
10 Blurred vision, 5.0 11 
light-headedness 
Lv Nausea, light- 3.0 22 
headedness 


* Side effects were present initially, but disappeared during long-term 
therapy. 
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Effects on cardiac performance: During maximal 
acetylprocainamide therapy, the preejection period 
index and the ratio of this index to left ventricular 
ejection time significantly decreased. These data are 
consistent with improved myocardial performance. Our 
findings are in general agreement with those of Atkinson 
et a].1? 

Relative potency of acetylprocainamide and 
procainamide: In our study, acetylprocainamide levels 
higher than 10 ug/ml were associated with pharmaco- 
logic activity. Levels this high are often achieved in 
patients with poor renal function who are receiving 
procainamide.? High procainamide dosage and rapid 
acetylation due to genetic causes can also lead to sub- 
stantial acetylprocainamide levels. Procainamide is 
generally more potent than this metabolite as an anti- 
arrhythmic agent in animal models.^* In human 
subjects, two short-term studies indicated acetylpro- 
cainamide to be equally potent? or half as potent as 
procainamide?? when serum levels with similar inten- 
sities of effect were compared. Steady state comparisons 
of acetylprocainamide with procainamide alone cannot 
be made in human beings because during long-term 
procainamide therapy, much acetylprocainamide will 
be synthesized by the patient. If serum levels of pro- 
cainamide are measured in patients as an aid in indi- 
vidualizing therapy with this drug, acetylprocainamide 
levels should also be determined to help assess the 
contribution of the acetylprocainamide to the intensity 
of effect observed. 

Of interest was the observation of overlapping blood 
levels of acetylprocainamide at which therapeutic and 
side effects occurred. (We have not observed cardiac 
toxicity yet.) This has also been observed in the case of 
quinidine, procainamide and other widely used drugs. 
We may have to revise the prevalent concept of the 
value of the traditional upper limit of the therapeutic 
range of antiarrhythmic drug levels. 


Drug-induced lupus erythematosus: One of the 
major long-term toxic effects of procainamide is the 
development of systemic lupus erythematosus.???4 
Woosley et al.? have observed that those in whom 
acetylation in genetically slow are more susceptible to 
development of procainamide-induced antinuclear 
antibody (ANA) and clinical lupus thay are those in 
whom acetylation is rapid. This suggegfs that it is the 
aromatic amine part of the procainamfde molecule that 
is etiologically important in causing fhe lupus and that 
acetylprocainamide would be less likely to induce ANA 
and lupus because it does not contain this amine group. 
Seven of our patients have received acetylprocainamide 
chronically for an average of 11 months. All have neg- 
ative ANA tests.?6 Four of five patients of Lertora et 
al.27 receiving acetylprocainamide for 1 year also had 
negative ANA tests. In contrast, most patients receiving 
procainamide for a year have positive ANA tests.”° 
Because acetylprocainamide at effective antiarrhythmic 
doses does not induce ANA as readily as does procain- 
amide, it is possible that it will be less potent as an in- 
ducer of lupus as well. We?6 and Stec et al.?8 have each 
observed one patient with procainamide-induced lupus 
whose symptoms subsided after the substitution of 
acetylprocainamide for procainamide. Further study 
of this drug may improve our knowledge of the mecha- 
nism of drug-induced lupus. It will continue to enhance 
our knowledge of procainamide therapy and will aid us 
in evaluating the usefulness of acetylprocainamide as 
an antiarrhythmic medication. 
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The effect of verapamil on global and regional left ventricular relaxation 
as well as on regional left ventricular filling was measured in 11 patients 
with hypertrophic obstructive or nonobstructive cardiomyopathy in a 
combined phonocardiographic and echocardiographic study. Five to 10 
minutes after intravenous injection of verapamil (0.15 mg/kg body weight) 
prolonged isovolumic left ventricular relaxation time, measured from the 
aortic component of the second heart sound to the mitral valve opening 
in the echocardiogram, significantly decreased from 93 + 10 to 67 + 15 
ms (p <0.001). This reduction during that time period was associated with 
a smaller increase in regional left ventricular dimension (3.8 + 1.9 to 2.4 
+ 1.4 mm, p «0.005 ). Left ventricular filling improved significantly with 
regard to the peak rate of posterior wall thinning, which increased from 
64 + 30 to 89 + 38 mm/s, p «0.001, the increase in left ventricular di- 
mension during the left ventricular filling period from 14.4 + 2.4 to 16.4 
+ 2.4 mm; p <0.01) and the duration of the relative filling period from 47.2 
+ 4.6 to 49.0 + 5.3 percent; p « 0.01). Left ventricular end-systolic di- 
mension, fractional shortening of the left ventricular minor axis, cycle 
length and systolic blood pressure showed no significant change. 

These data show that an abnormal prolongation of the left ventricular 
relaxation time in patients with hypertrophic cardiomyopathy can be 
significantly shortened by intravenous application of verapamil and that 
this treatment is associated with an improvement of left ventricular 
filling. 


Hypertrophic obstructive or nonobstructive cardiomyopathy is often 
associated with an abnormal prolonged left ventricular isovolumic re- 
laxation time and a disturbed left ventricular filling pattern.!-? Recent 
experimental studies?" revealed that calcium-flux antagonists may 
improve impaired left ventricular relaxation caused by ischemia or 
hypoxia. On the basis of these experimental results, we examined 
whether impaired left ventricular relaxation in patients with obstructive 
or nonobstructive hypertrophic cardiomyopathy could be improved by 
intravenous administration of verapamil. 


Methods 


Study patients: Eleven patients (5 men and 6 women) with hypertropHic 
cardiomyopathy were studied. In all patients the diagnosis was based on the 
typical angiographic, hemodynamic and echocardiographic criteria. Six patients 
had left ventricular outflow obstruction at rest or after provocation and five 
patients had no intraventricular pressure gradient. Their mean age was 39 + 
12 years (range 19 to 54). All patients had sinus rhythm and took no medication 
for at least 4 days before the study. In all patients selective coronary angiography 
according to the Judkins technique revealed no significant narrowing of the 
extramural coronary arteries. 
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Echocardiographic and phonocardiographic studies: 
Echocardiograms were recorded with a Picker Echoview 80 
C ultrasoundscope using a 1.25 cm diameter, 2.25 megahertz 
transducer with a pulse repetition rate of 1,000 cycles/s. The 
recordings were made with a multichannel Honeywell 1856 
strip chart recorder at a paper speed of 50 mm/s together with 
an electrocardiogram and phonocardiogram. The phonocar- 
diogram (CamINidge microphone) was recorded to define 
aortic valve closur& (A5). Echocardiograms were obtained with 
all patients in a slight left lateral position. During the study 
the transducer was kept constant in the intercostal space near 
the left lateral border of the sternum where clear and con- 
tinuous echograms of the ventricular septum, the posterior 
left ventricular wall and the free margins of both leaflets of 
the mitral valve were recorded. 

Administration of verapamil: Simultaneous echocar- 
diographic and phonocardiographic baseline recordings and 
blood pressure measurements by cuff were performed im- 
mediately before verapamil (Knoll AG, Ludwigshafen, West 
Germany) was injected intravenously (0.15 mg/kg body 
weight). After the injection echocardiographic and phono- 
cardiographic measurements were recorded and blood pres- 
sure was measured every minute over a period of 10 minutes. 
After a short initial decrease in blood pressure and a com- 
pensatory increase in heart rate these variables reached their 
control values on an average within 5 minutes after the in- 
jection of verapamil. The subsequent echocardiographic and 
phonocardiographic recordings were used to evaluate the ef- 
fects of verapamil. 

Computerized analysis of the combined phonocardio- 
grams and echocardiograms: Phonoechocardiograms of the 
control recording (c) and after injection of verapamil (v) were 
digitized with a crosswire cursor with a spatial resolution of 
0.1 mm in the X and Y directions and then processed by a 
computerized method as previously described.» Echocardio- 
grams in which the septum, the posterior wall and the onset 
of mitral valve opening could clearly be identified for at least 
three cardiac cycles were considered adequate for computer 
analysis. Data points were generated from the left side of the 
interventricular septum as well as the endocardial and epi- 


FIGURE 1. Simultaneous recording 
of the echocardiogram and phono- 
cárdiogram (PCG) of a patient with 
hypertrophic nonobstructive car- 
diomyopathy, before (left) and after 
(right) intravenous injection of 
verapamil (10 mg). Ao = aortic 
valve closure; ECG = electrocar- 
diogram; IVS = interventricular 
septum; MO = mitral valve opening; 
MV = mitral valve leaflets; LVPW = 
posterior wall of the left ventricle. 


cardial surfaces of the posterior left ventricular wall. The 
echoes were calibrated with points defining a time interval of 
500 ms, a depth of 1 cm and two successive R waves in the 
electrocardiogram, enclosing the cardiac cycle to be analyzed. 
In each patient, three successive cardiac cycles were analyzed 
from recordings taken before and after administration of 
verapamil. From these digitized data the following time and 
dimension calculations were performed by computer and 
printed out in an alphanumeric protocol: 

Measurements and calculations of left ventricular time 
intervals: Time intervals were referred to the beginning of 
the R wave of the first QRS complex as 0 reference point. With 
respect to this reference point, the occurrence of the different 
time points within the cardiac cycle could be exactly deter- 
mined. Time intervals of particular interest for this study 
were: 

1. Cycle length (R-R): Time interval between the peaks of 
two successive R waves in the electrocardiogram. 

2. Electromechanic systole (R-Ag): Time interval from the 
beginning of the R wave to aortic valve closure (Av) (Fig. 1). 
This interval underestimates the true electromechanic systole 
because it does not start with the onset of the QRS complex 
and must therefore be regarded as an approximate value of 
total electromechanical systole. ` 

3. Time point of aortic cusp closure (A3): The beginning 
of the first high frequency component of the second heart 
sound (Fig. 1). 

4. Time point of mitral valve opening (MO): The onset of 
separation of both mitral leaflets (Fig. 1). 

5. The left ventricular isovolumic relaxation time (IVR) 
was calculated as the interval between the time points of aortic 
valve closure and mitral valve opening (Fig. 2). 

6. The time interval of left ventricutar filling (LVF) was 
measured as the difference between cycle length and the time 
point of mitral valve opening (Fig. 2). 

7. The relative left ventricular filling period (LVF percent) 
was calculated according to the following formula: 


LVF 


———— X 100 
cycle length 


LVF percent = 
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Measurements of regional left ventricular dimensions 
(Fig. 2 and 3): End-diastolic left ventricular dimension (DD) 
was measured at the peak of the R wave and end-systolic di- 
mension at the time point of aortic valve closure (Da,). The 
percent shortening of the minor axis of the left ventricle (FS) 
was calculated from these values. The change in regional di- 
mension during isovolumic relaxation (AD yp) was measured 
as the difference between the left ventricular dimension at the 
time point of aortic valve closure and that of the mitral valve 
opening. The dimensional increase during left ventricular 
filling (AD, vr) was measured as the dimensional increase 
between the time point of mitral valve opening and that of the 
peak of the following R wave. The peak rate of diastolic pos- 
terior wall (PW) thinning in millimeters per second was cal- 
culated according to the following formula: d PW min/dt. 

In studies on the reproducibility of the different time and 
dimension measurements we traced the same cardiac cycle 
three times in 10 patients and found the coefficients of vari- 
ation to be 0.7 percent for the time point of aortic valve closure 
(A2) and mitral valve opening (MO), 4.9 percent for the peak 
rate of diastolic posterior wall thinning (d PW min/dt) and 
3.1 percent for the dimension increase during left ventricular 
filling (ADr vr). 

The beat to beat variation coefficients of the most impor- 
tant indexes of left ventricular function derived from the 
analyzed three successive cardiac cycles were as follows: the 
time point of aortic cusp closure (Av) and the time point of 
mitral valve opening (MO), 1.1 percent; left ventricular iso- 
volumic relaxation time (IVR), 3.7 percent; percent shortening 
of the minor axis of the left ventricle (FS), 3.8 percent; peak 
rate of diastolic posterior wall thinning (d PW min/dt), 6.5 
percent; and increase in dimension during left ventricular 
filling (AD, vr), 5 percent. In addition, determination of the 
time point of mitral valve opening in the echocardiogram of 
10 patients by two independent examiners showed a good 
agreement with a variation coefficient of 1.2 percent. 

The statistical significance of the mean values +1 standard 
deviation was assessed with the paired Student's t test. 


Results 


The individual blood pressure measurements and the 
time and dimensional calculations in each of the 11 
patients and their mean values before and after vera- 
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FIGURE 2. Computer output of the echograms of the left ventricular 
(LV) cavity shown in Figure 1 before (left) and after (right) intravenous 
injection of verapamil. Prolonged isovolumic relaxation time (Ao MO) 
is decreased and peak rate of diastolic wall thinning is increased after 
verapamil. A» = aortic valve closure; MO = mitral valve opening. 
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pamil therapy are listed in Table I. Mean cardiac cycle 
length (R-R) (869 + 76 — 861 + 81 ms, not significant 
[NS]) and systolic blood pressure (139 + 21 — 135 4 17 
mm Hg, NS) showed no statistical difference before and 
after treatment with verapamil. Furthermore, there was 
no significant change in end-systolic dimension (D4,) 
(24 + 5 — 25 + 5 mm, NS) fractional shgrtening of the 
left ventricular minor axis (FS) (44 — 43 +7 per- 
cent, NS) or the electromechanical systole (R-A5) (365 
+ 38 — 366 + 39 ms, NS) showed any significant 
change. i 

The duration of the isovolumic relaxation period 
(IVR) decreased significantly by an average of 29 + 12 
percent from 93 + 10 to 67 + 15 ms (p <0.001). This was 
accompanied by a significant decrease in left ventricular 
dimension change during this time interval (ADrvyg) 
(from 3.8 + 1.9 to 2.4 + 1.4 mm, p <0.005) (Fig. 1 to 
3). 

Verapamil significantly increased the peak rate of 
diastolic posterior wall thinning (d PW min/dt) (from 
64 + 30 to 89 + 38 mm/s, p <0.001) (Fig. 2 and 3). 

The relative left ventricular filling period (LVF 
percent) was prolonged (from 47.2 + 4.6 to 49.0 + 5.3 
percent; p «0.01) after the injection of verapamil. This 
was associated with an increase in the change in left 
ventricular dimension during left ventricular filling 
(ADrvr) (from 14.4 + 2.4 to 16.4 + 2.4 mm; p «0.01) 
resulting in a greater end-diastolic left ventricular di- 
mension (44 + 4 mm) after verapamil compared with 
the control measurement (42 + 4 mm; p <0.005) (Table 
I). 


Discussion 


In our study isovolumic relaxation time is defined as 
the time interval between the first high frequency 
component of the second heart sound measured with 
phonocardiography and the onset of mitral valve sep- 
aration measured with echocardiography. The initial 
high frequency component of the second heart sound 
(A3) is synchronous with aortic valve closure, as has been 
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FIGURE 3. Computer output of the left ventricular (LV) cavity echogram 
of a patient with hypertrophic obstructive cardiomyopathy before (left) 
and after (right) intravenous administration of verapamil. Abbreviations 
as in Figure 1. 
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proved by echocardiography and high fidelity pressure 
recordings.?-!! Therefore A» can be taken as the starting 
point of the isovolumic relaxation period. The beginning 
of the separation of the mitral cusps was taken as the 
end point of left ventricular isovolumic relaxation. In 
animal studies!? it has been proved that the onset of 
blood flow Miis the mitral valve is synchronous with 
the initial separ&tion of the cusps.!* In our laboratory 
isovolumic relaxation time, thus measured, is 55 + 10 
ms and agrees with recently reported values of Chen and 
Gibson.!? : 

Effect of verapamil on global and regional left 
ventricular relaxation: After intravenous application 
of verapamil a 29 + 12 percent shortening of the pro- 
longed isovolumic relaxation time was observed in pa- 
tients with hypertrophic cardiomyopathy. This short- 


TABLE ! 
Effect of Verapamil on Left Ventricular Function 


ening of the isovolumic relaxation time was associated 
with a smaller increase in the change in regional left 
ventricular dimension during this period. We interpret 
these changes as an improvement in global and regional 
left ventricular relaxation. 

Left ventricular relaxation can be influenced by 
several extramyocardial and myocardial factors 14-18: 
Heart rate, systolic pressure, end-systolic volume and 
left atrial pressure are regarded as important ex- 
tramyocardial determinants of relaxation. Benchimol 
and Ellis!6 reported a slight decrease in isovolumic re- 
laxation period with increasing heart rate. However, in 
our study cycle length before and after verapamil 
showed no significant difference. Furthermore, no dif- 
ference was found in end-systolic dimension or systolic 
aortic pressure. Although left atrial pressure was not 


————————————————————M M———— — —— Mr — a 


Mean Value 
Case 1 2 3 4 5 6 7 8 9 10 11 +1 SD p 
Diagnosis HOCM HCM HCM HCM HCM HOCM HOCM HCM HOCM HOCM HOCM 
Age (yr) & sex 19/F  44/M 54/F 53/M 47/M 39/M 39/M 38/M  29/F 49/F 19/F 39 +12 
V dose (mg) 7.5 10.5 10.0 10.0 11.0 12.0 9.5 10.5 10.0 11.0 10.0 10.2 + 1.1 
BP (mm Hg) 
C 110 140 125 120 140 160 120 140 140 185 145 139 +21 NS 
V 110 130 130 120 150 150 115 130 140 170 140 135 +17 
R-R (ms) 
C 810 866 864 1017 966 920 812 752 858 887 812 869 i76 NS 
V 808 912 826 1012 946 881 817 730 846 914 782 861 +81 
C 36 47 45 43 49 44 46 41 39 38 36 42 +4 «0.005 
V 40 48 47 47 50 44 45 41 43 41 37 44 +4 
Da, (mm) 
€ 17 28 26 27 31 21 31 22 19 22 20 24 +5 NS 
V 18 29 27 28 34 21 31 23 25 21 20 25 +5 
FS (96) 
C 55 42 44 39 37 52 32 47 50 42 44 44 +7 NS 
V 54 40 43 41 32 52 31 43 44 49 46 43 +7 
R-A;s (ms) 
C 383 323 365 390 405 360 343 321 445 342 335 365 +38 NS 
V 395 319 362 358 401 369 334 315 448 375 345 366 +39 
IVR (ms) 
C 86 90 107 104 104 84 101 79 88 82 100 93 +10° «0.001 
V 53 63 74 72 85 72 83 38 53 57 85 67 +15 
ADıvr (mm) 
C 5.0 8.0 2.6 2.8 1:3 5.0 3.3 5:3 2.3 3:2 2.4 3.8 + 1.9 «0.005 
V 3.7 5.0 2.0 1.5 0.3 3.7 2.6 1.0 1.5 1.8 3.0 2.4 t 1.4 
dPW min 
/ 
di (mm/s) 
C 117 33 55 74 55 55 45 120 36 72 46 64 +30 «0.001 
V 152 53 69 108 62 93 56 153 55 Tt 64 89 +38 
LVF (ms) 
C 341 453 392 523 457 476 368 352 325 463 377 412 +65 NS 
V - 360 530 390 582 460 440 400 377 345 482 352 429 +78 
LVF (96) 
C 42.1 52.3 45.4 51.4 . 47.3 51.7 45.3 46.8 37.9 52.2 46.4 47.20 4.6 «0.01 
V 44.6 58.1 47.2 57.5 48.6 49.9 49.0 51.6 40.8 52.7 45.0 49.0 + 5.3 
AD, yr (mm) 
C 14.0 11.0 16.4 39.2 6.7 18.0 TT 13.7 17.7 12.3 13.3 14.4 2.4 «0.01 
V 18.3 14.0 18.0 17.5 15.7 19.3 11.4 17.0 16.5 18.2 14.0 16.4 + 2.4 


T RSE. Gc cT om LEN E E co LAO RETE NN a Ea E SE cuu RN SUPR a ae T a 

BP = peak systolic blood pressure; C = control (before verapamil); Da, = end-systolic dimension; DD = end-diastolic dimension; AD,yp = left 
ventricular dimension change during isovolumic relaxation; AD, yr = left ventricular dimension increase during the time period of left ventricular 
filling; dPW min/dt = peak rate of diastolic posterior wall thinning; HCM = hypertrophic nonobstructive cardiomyopathy; HOCM = hypertrophic 
obstructive cardiomyopathy; FS = fractional shortening of the left ventricular minor axis; IVR = left ventricular isovolumic relaxation time; LVF 
= time interval of left ventricular filling; NS = not significant; p = probability; R-A2 = time interval from the beginning of the R wave to aortic valve 
closure; R-R = cycle length; SD = standard deviation; V = verapamil. 
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measured, two recent hemodynamic studies!??? in pa- 
tients with coronary artery disease using a slightly 
smaller or equal dose of verapamil (0.1 mg/kg or 10 mg, 
respectively), revealed a small increase in left ventric- 
ular filling pressure or mean pulmonary arterial pres- 
sure. 

Viscous and elastic properties of the myocardium 
as well as certain biochemical processes are regarded 
as myocardial factors of ventricular relaxation. 'The 
biochemical factor of left ventricular relaxation is a 
complex energy-dependent process that transports 
calcium away from the myofilaments to the sarcoplas- 
mic reticulum.!7:21-22 Adenosine triphosphate (ATP) 
is the principal energy source for this process of calcium 
sequestration by the sarcoplasmic reticulum. It is hy- 
drolized by an adenosine triphosphatase distinct from 
that activating the sodium pump.?^ The fact that the 
biochemical process of relaxation is different from that 
of contraction explains why these processes may be in- 
fluenced separately by different interventions or 
pathophysiologic conditions. 

Myocardial ischemia, induced experimentally by 
reduced regional myocardial blood flow?^?5-?7 or de- 
veloping in the recovery phase after rapid atrial pacing 
in patients with coronary artery disease,?5-?! has been 
shown to impair left ventricular relaxation by prolon- 
gation of the isovolumic relaxation period, and a de- 
crease in wall thinning and negative dP/dt. 

Prolonged isovolumic relaxation time and an ab- 
normal diastolic filling pattern despite normal systolic 
function were described in patients with hypertrophic 
cardiomyopathy!-? and were also observed in this study. 
Left ventricular isovolumic relaxation time was pro- 
longed to 93 + 10 ms despite normal systolic function. 
The underlying cause of impaired left ventricular re- 
laxation in patients with hypertrophic cardiomyopathy 
is thought to be subendocardial ischemia caused by an 
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imbalance between the oxygen demand of the exces- 
sively hypertrophied myocardium and oxygen de- 
livery. 

The beneficial effect of verapamil on left ventricular 
isovolumic relaxation time seems unrelated to the 
specific anatomic features of hypertrophic obstructive 
and nonobstructive cardiomyopathy. Jbservations in 
our laboratory indicate that a reduétion in the pro- 
longed isovolumic relaxation time and an improvement 
in left ventricular filling induced by verapamil can also 
be achieved in patients with secondary left ventricular 
hypertrophy due to severe arterial hypertension (Fig. 
4). Recent in vitro studies by Nayler and Williams?? 
strongly support the view that impaired relaxation of 
the heart muscle is primarily caused by a sudden de- 
pletion of the high energy phosphate reserves in the 
heart muscle due to hypoxia, followed by a subsequent 
disturbed intracellular calcium metabolism. 

Recent experimental studies with different calcium 
antagonists have shown that these drugs are able to 
reduce the mechanical, biochemical and histologic de- 
fects caused by acute myocardial ischemia. A selective 
depression of regional contractility in ischemic myo- 
cardium induced by verapamil was described by Smith 
et al.33 Other investigators observed a protective effect 
of this drug in acute myocardial infarction measured by 
S- T segment depression?4?? or by combined biochem- 
ical and histologic study.36?7 Recently Weishaar et al.38 
found beneficial metabolic effects of diltiazem, a new 
calcium antagonist, in ischemic myocardium. In 1977, 
Henry et al observed an inhibition of myocardial 
contraction and a decrease of left ventricular stiffness 
associated with a decreased intracellular calcium ac- 
cumulation in in vitro studies of ischemic hearts that 
were pretreated with nifedipine. Similar observations 
in animal experiments were recently made by Verdow 
et al.” on the basis of ultrasonic measurements. After 


FIGURE 4. Simultaneous recording 
of the echocardiogram and phono- 
cardiogram (PCG) of a patient with 
left ventricular hypertrophy due to 
severe arterial hypertension before 
(left) and after (right) intravenous 
administration of verapamil (10 mg). 
Abbreviations as in Figure 1. 
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intracoronary administration of nifedipine a normali- 
zation of wall thickening and a loss of contraction during 
isovolumic relaxation in ischemic pig hearts compared 
with findings in untreated animals were observed. 
However, beneficial effects of verapamil on myocardial 
relaxation have not been described until now. 

Effect of varapamil on left ventricular filling: In 
our study, peak-posterior wall thinning, change in left 
ventricular dimension during the left ventricular filling 
period, the relative filling period and the end-diastolic 
dimension increased significantly after injection of 
verapamil. Because the end-systolic dimension and left 
ventricular fractional shortening were not different from 
control values, the increase in end-diastolic dimension 
cannot be the result of the negative inotropic effect of 
this drug. This increase must be considered an im- 
provement in left ventricular filling. This improvement 
was also demonstrated in our study by the peak rate of 
posterior wall thinning during the early phase of dia- 
stolic filling and by the increase in the relative left 
ventricular filling period. 

Disturbed diastolic filling patterns, as judged from 
a shortened rapid filling period combined with a re- 
duced dimension increase during this time interval, as 


well as a reduced left ventricular posterior wall thinning 
in patients with hypertrophic cardiomyopathy are 
thought to be an expression of increased resistance to 
left ventricular filling.!-?? On the basis of similar clinical 
observations in patients with coronary artery disease 
these findings are considered to be primarily caused by 
impaired left ventricular relaxation due to myocardial 
ischemia, resulting in an increase in left ventricular 
stiffness.?9-?! Our observations of improvement in left 
ventricular isovolumic relaxation time and in left ven- 
tricular filling induced by verapamil strongly support 
the theory that impaired left ventricular isovolumic 
relaxation may contribute to a decrease in left ventric- 
ular compliance.?0;?! 

Clinical implications: Recently clinical improve- 
ment has been observed??-*! in patients with hyper- 
trophic obstructive or nonobstructive cardiomyopathy 
who were given long-term treatment with large doses 
of verapamil. This improvement may be due in part to 
the mechanism of improved left ventricular relaxation 
and filling described in this report.??-*! However, 
whether an improvement of left ventricular relaxation 
and filling can also be found after long-term oral 
treatment needs further investigation. 


References 


1. Sanderson JE, Traill TA, St. John Sutton MG, Brown DJ, Gibson 
DG, Goodwin JF. Left ventricular relaxation and filling in hyper- 
trophic cardiomyopathy. An echocardiographic study. Br Heart J 
1978;40:596-601. 

2. Sanderson JE, Gibson DG, Brown DJ, Goodwin JF. Left ventricular 
filling in hypertrophic cardiomyopathy. An angiographic study. Br 
Heart J 1977;39:661-70. 

3. St Martin G, Sutton AJ, Tajik DG, et al. Echocardiographic as- 
sessment of left ventricular filling and septal and posterior wall 
dynamics in idiopathic hypertrophic subaortic stenosis. Circulation 
1978;57:512-20. 

4. Harmjanz D, Bóttcher D, Scheitler CC. Correlation of electro- 
cardiogram pattern, shape of ventricular septum and isovolumic 
relaxation time in idiopathic hypertrophic subaortic stenosis. Br 
Heart J 1971;13:928-37. 

5. Hanrath P, Mathey DG, Siegert R, Bleifeld W. Left ventricular re- 
laxation and filling pattern in different forms of left ventricular hy- 
pertrophy. An echocardiographic study. Am J Cardiol 1980;45: 
15-23. 

6. Henry PD, Shuchleib R, Davis J, Weiss ES, Sobel BE. Myocardial 
contracture and accumulation of mitochondrial calcium in ischemic 
rabbit heart. Am J Physiol 1977;233:677-84. 

7. Verdow PD, Brown AH, ten Cate FJ, Serruys PW. Ventricular wall 
thickness changes during myocardial ischemia and after admin- 
istration of Ca-antagonists (abstr). Symposium on Quantification 
of Myocardial Ischemia. Goettingen, West Germany, May 13-15, 
1979. 

8. Krebs W, Hanrath P, Bleifeld W, Effert S. Rechnergestützte 
Auswertung von M-Mode-Echokardiogrammen. Herz-/Kreislauf 
1977;9:519-25. 

9. Rodbard S, Rathews N. Valve closure and the second heart sound. 
Circulation 1975;52:519-21. 

10. Leatham A, Leech G. Observations on the relations between heart 
sounds and valve movement by simultaneous echo- and phono- 
cardiography (abstr). Br Heart J 1975;37:557. 

11. Hirschfield S, Liebman J, Boskat G, Borsmith C. Intracardiac 
pressure-sound correlates of echographic aortic valve closure. 
Circulation 1977;55:602-4. 

12. Laniado S, Yellin E, Kottler M, Levy L, Stadler J, Terdiman R. A 
study of the dynamic relations between the mitral echogram and 


phasic mitral flow. Circulation 1975;51:104- 13. 

13. Chen W, Gibson D. Relation of isovolumic relaxation to left ven- 
tricular wall movement in man. Br Heart J 1979;42:51-6. 

14. Cohn PE, Liedtke AJ, Senir J, Sonnenblick HE, Urschel CW. 
Maximal rate of pressure fall (peak negative dp/dt) during ven- 
tricular relaxation. Cardiovasc Res 1972;6:263-7. 

15. Weisfeldt ML, Seully HE, Frederiksen J, et al. Hemodynamic 
determinants of maximum negative dp/dt and periods of diastole. 
Am J Physiol 1974;227:613-21. 

16. Benchimol A, Ellis JG. A study of the period of isovolumic relax- 
ation in normal subjects and in patients with heart disease. Am J 
Cardiol 1967;19:196-206. 

17. Grossman W, McLaurin LP. Diastolic properties of the left ven- 
tricle. Ann Intern Med 1976;84:316-26. 

18. Papapietro HC, Coghlan D, Zissermann RO, Russel C, Rackley 
E, Rogers WJ. Impaired maximal rate of left ventricular relaxation 
in patients with coronary artery disease and left ventricular dys- 
function. Circulation 1979;59:984-90. 

19. Ferlinz J, Easthope JL, Aronow WJ. Effects of verapamil on 
myocardial performance in coronary disease. Circulation 1979; 
59:313-9. 

20. Singh EN, Roche AHG. Effects of intravenous verapamil on he- 
modynamics in patients with heart disease. Am Heart J 1977; 
94:593-9. 

21. Fanburg BR, Finkel RM, Marjonosi A. The role of calcium in the 
mechanism of relaxation of cardiac muscle. J Biol Chem 1964; 
239:2298-306. 

22. Weber A, Herz R, Reiss J. The nature of cardiac relaxing factor. 
Biochem Biophys Acta 1967;131:188-94. 

23. Katz AM, Repke DI. Calcium-membrane interactions in the myo- 
cardium: effects of ouabain, epinephrine and 3', 5'-cyclic adeno- 
sine monophosphate. Am J Cardiol 1973;31:193-201. 

24. GA Langer. lonic movements and the control of contraction. In: 
Langer GA, Brady AJ, eds. The Mammalian Myocardium. New York: 
John Wiley & Sons, 1974:193-218. 

25. McLaurin LP, Grossmann W, Herdorn W. Defective left ventricular 
relaxation during experimental myocardial ischemia (abstr). Clin 
Res 1975;23:1964. 

26. Mathey D, Bleifeld W, Franken G. Left ventricular relaxation and 
diastolic stiffness in experimental myocardial infarction. Cardiovasc 


June 1980 The American Journal of CARDIOLOGY Volume 45 1263 


2f. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


1264 


Res 1974;8:583-92. 

Frist WH, Palacias J, Powell WMJ. Effect of hypoxia on myocardial 
relaxation in isometric cat papillary muscle. J Clin Invest 1978; 
61:1218-24. 

McLaurin LP, Rolette EL, Grossman W. Impaired left ventricular 
relaxation during pacing induced ischemia. Am J Cardiol 1973; 
32:751-7. 

Mann T, Brodie BR, Grossman W, McLaurin LP. Effect of angina 
on left ventricular diastolic pressure-volume relationship. Circu- 
lation 1977;55:761-6. 

Mann T, Goldberg S, Mudge GH, Grossman W. Factors contributing 
to altered left ventricular diastolic properties during angina pectoris. 
Circulation 1979;59: 14-20. 

Grossman W, Mann JT. Evidence for impaired left ventricular re- 
laxation during acute ischemia in man. Eur J Cardiol 1978; 7 
Suppl:239-49. 

Nayler WG, Williams A. Relaxation in heart muscle: some mor- 
phological and biochemical considerations. Eur J Cardiol 1978;7 
Suppl:35-50. 

Smith HJ, Goldstein RA, Griffith JM, Kent KM, Epstein SE. Re- 
gional contractility. Selective depression of ischemic myocardium 
by verapamil. Circulation 1976;54:629-35. 

Smith HJ, Singh BN, Nisketh HD, Norris RM. Effects of verapamil 


EFFECT OF VERAPAMIL ON LEFT VENTRICULAR RELAXATION—HANRATH ET AL. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


June 1980 The American Journal of CARDIOLOGY Volume 45 


on infarct size following experimental coronary artery occlusion. 
Cardiovasc Res 1975;9:569-78. 

Wende W, Bleifeld W, Meyer J, Stühlen HW. Reduction of the size 
of acute, experimental myocardial infarction by verapamil. Basic 
Res Cardiol 1975;70:198-208. 

Nayler WG, Grau A, Stade A. A protective effect of verapamil on 
hypoxic heart muscle. Cardiovasc Res 1976;10:650-62. 

Nayler WG, Szeto J. Effect of verapamil on contractility, oxygen 
utilization, and calcium exchangeability inf mammalian heart 
muscle. Cardiovasc Res 1972;6:120-8.  * 

Weishaar R, Ashikawa K, Bing RJ. Effect of diltiazem, a calcium 
antagonist, on myocardial ischemia. Am J Cardiol 1979;43: 
1137-43. 

Kaltenbach M, Hopf R, Keller M. Calciumantagonistische Therapie 
bei hypertropher- obstruktiver Kardiomyopathy. Dtsch Med Wo- 
chenschr 1976;101:1284-7. 

Rosing DR, Kent KM, Maron J, Epstein SE. Effects of verapamil 
on exercise capacity in patients with hypertrophic cardiomyopathy 
(abstr). Am J Cardiol 1979;43:398. 

Kaltenbach M, Hopf R, Kober G, Bussmann D, Kelber M, Petersen 
Y. Treatment of hypertrophic obstructive cardiomyopathy with 
verapamil. Br Heart J 1979;42:35-42. 


For | he Cardiologist 
Who Wants The Ultimate 
In Ultrasound Controls. 


Toshiba's high speed SSH- 
10A ultrasound electronic 
sector scanner produces an 
ultra fine diagnostic image. 

Over 16 different 
parameters can be modified 
by the cardiologist to 
maximize image quality in 
relation to specific patient 
characteristics. 

Valve movement, 
chamber size and details of 
the internal structure of the 
heart can all be clearly 
observed, measured and 
diagnosed. Wide range 
sector angle is a full 78?. 

A clear real time, cross 
sectional B mode image of 
the heart structure is 
obtained by simply 
positioning the probe on the 
chest wall. 

Displayed on the C.R.T. 
with the B mode image are 
" nonfade ECG and patient 
I.D. Two angles of the M 
mode image can also be 
displayed simultaneously on 
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a second C.R.T. and/or a 
Strip recorder. 

Two UCG traces, M mo: 
tracing and Kymograph 
studies are additional 
capabilities. 

In short, the SSH-10A 
gives you the maximum 
ultrasound information fro 
one mobile unit. So get ft 
information on it now. 
Contact your local Toshib 
representative. 


Toshiba Medical Systems, 
DE 1154 Dominguez, 
Carson, CA 90745 


SSH-10A Features: 

e Complete Mobility 

e Superior Resolution of 
Electronic Sector Scannir 

e Dual M Mode 

e 4 Channels of Physiologic 
Monitoring 

e Real Time B Mode Cros: 
Sectional Image with EC 
and Patient |.D. 

e Flexibility for All Genere 

Pediatric and Adult 

Applications 
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To 4'2 MILLION HYPERTENSIVE 
PATIENTS, THIS IS USUALLY THE ONLY SIGN 
TRAT INDERAL D WORKING. 








(PROPRANOLOL HCI) 


A modest reduction in pulse rate: usually 
the first sign that INDERAL is at work. 
Mode of action, yes. Side effect, no. Because 
it is generally accepted that even heart rates 
as low as 50 to 55 beats per minute, in otherwise 
asymptomatic patients, are not usually a cause 
for concern. The real side effects* associated 
with INDERAL occur so infrequently that today 
over 4/4 million hypertensive patients are 
doing well on regimens built around INDERAL. 
To their physicians, the signs are 
even more encouraging... 
because INDERAL, alone or in combination 
with other agents, has established a remarkable 
record of blood pressure control. Another 
encouraging sign: increased dosage usually does 
not produce proportional decreases in heart rate. 
Proper patient selection is important: 
INDERAL should be employed only in the 
absence of congestive heart failure, sinus brady- 
cardia, or heart block greater than first degree .* 
But in most patients, the initial signs of its 
effect will be reflected in subsequent signs of 
effectiveness: significantly lowered blood 
pressure. 


Effective in b.i.d. dosage 

For most patients twice-daily dosing of INDERAL 
is effective in maintaining blood pressure 
reduction throughout the day. Some patients 

on lower doses may experience a modest rise in 
blood pressure at the end of a 12-hour interval. 
Larger doses, or t.i.d. dosing, should re-establish 
control. 





Atthe heart of well-tolerated 
antihypertensive therapy 


INDERAL @ 
(PROPRANOLOL HCI) 


B.1.D. 


FOR HYPERTENSION 
40 mg and 80 mg tablets 


*Please see the following page for brief summary of prescribing 
information on warnings, including avoidance of abrupt withdrawal, 
contraindications, and adverse reactions. 





 JADERALQ 
(PROPRANOLOL 
HCl) 





BRIEF SUMMARY 

(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
Inderal* BRAND OF 

propranolo! hydrochloride 

A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
The mechanism of the antihypertensive effects of INDERAL has not been established. 
Among the factors that may be involved in the antihypertensive action are (1) decreased 
cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of tonic sym- 
pathetic nerve outflow from vasomotor centers in the brain. 

Propranolol hydrochloride decreases heart rate, cardiac output, and blood pressure. Al- 
though total peripheral vascular resistance may increase initially, it readjusts to the pretreat- 
ment level, or lower, with chronic usage. Earlier studies indicate that plasma volume remains 
unchanged or may decrease. However, there are certain more recent studies suggesting 
that in the absence of sodium restriction, plasma volume may increase. 


INDICATIONS 
Hypertension 
INDERAL is indicated in the management of hypertension. It is usually used in combination 
with other drugs, particularly a thiazide diuretic. INDERAL is not indicated for treatment of 
hypertensive emergencies. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen sea- 
son; 3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right 
ventricular failure secondary to pulmonary hypertension, 6) congestive heart failure (see 
WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and 
during the two week withdrawal period from such drugs 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with beta-blockade always carries the po- 
tential hazard of further depressing myocardial contractility and precipitating cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare in- 
stances, this has been observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully digitalized and/or given a 
diuretic, and the response observed closely: a) if cardiac failure continues, despite ade- 
quate digitalization and diuretic therapy, INDERAL therapy should be immediately with- 
drawn; b) if tachyarrhythmia is being controlled, patients should be maintained on com- 
bined therapy and the patient closely followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 


interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 
have not been adequately appraised. Special consideration should be given to 
propranolol's potential for aggravating congestive heart failure. Propranolol may mask the 
clinical signs of developing or continuing hyperthyroidism or complications and give a false 
impression of improvement. Therefore, abrupt withdrawal of propranolol may be followed by 
an exacerbation of symptoms of hyperthyroidism, including thyroid storm. This is another 
reason for withdrawing propranolol slowly. Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 


IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy- 
siologic effects are gone according to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can 
be reversed by administration of such agents, e.g., isoproterenol or levarterenol. However, 
such patients may be subject to protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of 
beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL may prevent the appearance of premonitory signs 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia. This is especially 
important to keep in mind in patients with labile diabetes. Hypoglycemic attacks may be ac- 
companied by a precipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that 
the possible risk to mother and/or fetus be weighed against the expected therapeutic bene- 
fit. Embryotoxic effects have been seen in animal studies at doses about 10 times the maxi- 
mum recommended human dose. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug 
may then produce an excessive reduction of the resting sympathetic nervous activity. Occa- 
sionally, the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired 
renal or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block: hypoten- 
sion; paresthesia of hands; arterial insufficiency. usually of the Raynaud type; thrombocyto- 
penic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported for a beta blocker (practolol) have not been 
conclusively associated with propranolol 

Clinical Laboratory Test Findings. Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 


DOSAGE AND ADMINISTRATION 
ORAL 

HYPERTENSION— Dosage must be individualized. The usual initial dosage is 40 mg 
INDERAL twice daily, whether used alone or added to a diuretic. Dosage may be increased 
gradually until adequate blood pressure is achieved. The usual dosage is 160 to 480 mg per 
day. In some instances a dosage of 640 mg may be required. The time needed for full hyper- 
tensive response to a given dosage is variable and may range from a few days to several 
weeks. 

While twice-daily dosing is effective and can maintain a reduction in blood pressure 
throughout the day, some patients, especially when lower doses are used, may experience 
a modest rise in blood pressure toward the end of the 12 hour dosing interval. This can be 
evaluated by measuring blood pressure near the end of the dosing interval to determine 
whether satisfactory contro! is being maintained throughout the day. If control is not ade- 
quate, a larger dose, or 3 times daily therapy may achieve better control. 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use. 


INTRAVENOUS 
The intravenous administration of INDERAL has not been evaluated adequately in the 
management of hypertensive emergencies 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RE- 
SPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS. 

HYPOTENSION — VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 


HOW SUPPLIED 
INDERAL 
(propranolol hydrochloride) 
TABLETS 
No. 461— Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles €f 100 
and 1,000. Also in unit dose package of 100. 
No. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100. 
No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100. 
No. 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100 


INJECTABLE s 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10 
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Artist's conception, based on changes in pulmonary angiography following Breokinase infusion! 


NEW 


BREORINASE 


urokinase 


for injection 


NEW 
BREORINASE 


(urokinase) 


for injection 


Rapid and effective dissolution 
of pulmonary emboll. 








E Proven by controlled clinical studies: 


W More rapid and effective than heparin 
alone during the first 24 hours after 
start of therapy? 


1. Sasahara AA, Hyers TM, Cole CM, et al: The urokinase pulmonary embolism trial. Circulation (Suppl I) 47:1-108, 1973. 
2. Fratantoni JC, Ness P. Simon TL: Thrombolytic therapy: Current status. N Eng J Med 293:1073-1078, 1975. 


Please see prescribing information on last page of this advertisement. It is important to pay close 
attention to WARNINGS and CONTRAINDICATIONS sections to minimize the risk of bleeding. 


New Breokinase is highly purified 
human protein. 


™ Lower incidence of fever?*^* 


Bi Can be used effectively in patients with 
recent streptococcal infections or 
high titers of streptococcal antibodies. 


E Less risk of allergic reactions 
than streptokinase.t 


Now urokinase therapy at lower cost 


Wi Offers substantial savings to both 
hospital and patient. 


lli Convenient. Ask your Breon representative 
for a list of depots. There is one near you. 


“Febrile episodes occurred in about 2-3% of urokinase-treated patients. A causal relationship to 
urokinase has not been established. 

Tin vitro and intradermal tests gave no evidence of induced antibody formation. However, the possi- 
bility of serious allergic reactions occurring cannot be excluded. There have been rare reports of 
relatively mild allergic reactions such as bronchospasm and rash. 

3. Sasahara AA, Bell WR, Simon TL, Stengle JM, Sherry S: The phase Il urokinase-streptokinase 

pulmonary embolism trial. Thrombos Diathes Haemorrh (Stuttg) 33:464-476, 1975. 
4. Urokinase pulmonary embolism trial study group: Urokinase-streptokinase embolism trial. JAMA 
229:1606-1613, 1974. 





Doctor: Before prescribing or administering 
Breokinase® (urokinase for injection) please reac the 
following product information. 


BREORINASE 
.urokinase) tor injection 


Breokinase (urokinase for injection) should be used 
only by physicians with adequate experience in the 
management of thrombotic disease in hospitals where 
necessary clinical and laboratory monitoring can be 
performed (see Warnings, Precautionsand Dosage and 

Administration). 

The physician should carefully assess the overall 
clinical status and history of the patient before 
beginning urokinase treatment. Urokinase produces 
more profound changes in hemostasis and a greater 
requency of bleeding than heparin or oral coumarin 

nticoagulant therapy. Bleeding whenit occurs is more 
evere and more difficult to manage. Such factors as 

tient's age, physical condition, and underlying bleed- 
ng tendency (as described under Warnings and Pre- 
aütions) should bo taken into consideration when the 
otential risk of serious hemorrhage is weighed against 
he potential benefits of urokinase treatment. 


indications 


Shu oi is indicated for the thrombolytic treat- 

ent of; 

—ücute massive pulmonary embolism, defined as ob- 
struction or significant filling defects involving two or 
more lobar pulmonary arteries or an equivalent 
amount of emboli in other vessels, as seen on pul- 
monary arteriography; 

—pulmonary embolism accompanied by unstable 
hemodynamics, i.e., inability to maintain blood 
pressure without supportive measures. 

The diagnosis of pulmonary embolism should be 

onfirmed by objective means, preferably pulmonary 
rteriography. 

Urokinase treatment should be started as soon as 
possible after diagnosis of pulmonary: embolism, but 
no later than five days after onset. Underthese circum- 
stances, angiographic and hemodynamic. measure- 
ments and perfusion lung scans demonstrate a mcre 
rapid improvement during the first 24 hours after initia- 
tion of therapy than with heparin therapy. However, 
it has not been established that urokinase treatment 
decreases morbidity or mortality compared to heparin 
therapy alone. 


Contraindications 


Thrombolytic therapy increases the risk of bleeding. 
he risk of hemorrhage in the conditions listed below 

should be weighed carefully against the anticipated 
enefits of urokinase therapy in each patient, The 

benefits and risks associated with urokinase therapy 

should be compared to the benefits and risks asso- 
ciated with other forms of treatment. 

P 1. Surgical procedures within preceding ten days (in- 

| cluding liver or kidney biopsy, lumbar puncture, 

|  thoracentesis, paracentesis, extensive or multiple 
cutdowns). 

,intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days post-partum. 

. Actively bleeding lesion of the gastrointestinal or 
genitourinary trapt, or a condition with significant 
potential for bleeding (including ulcerative colitis, 
diverticulitis). 

8. Severe hypertension. 

9. Acute or chronic hepatic or renal insufficiency. 

0. Uncontrolled hypocoagulable state (including 
coagulation factor deficiency, thrombocytopenia, 
spontaneous fibrinolysis, any purpuric or hemo-- 

!  rhagic disorder). 

11. Chronic pulmonary disease with cavitation, e.g. 

tuberculosis. 
12. Subacute bacteríal endocarditis or rheumatic val- 
vular disease. * 

13. Recent cerebral embolism, thrombosis or hemor- 
rhage (within at least two, months) to. avoid risk 
of bleeding into infarcted cerebral tissue. 

14. Any other condition in which bleeding constitutes 

^  ásignificant hazard or Would be particularly difficu t 

to locate or control. 


Wamings 


Bleeding: Activation of the fibrinolytic system with 
urokinase causes a more profound change in the hemo- 
static status of the patient than does anticoagulant 
therapy with heparin or coumarin agents. The objective 
of urokinase therapy is the production of sufficient 
amounts of plasmin to lyse intravascular deposits cf 
fibrin; however, fibrin deposits which provide hemc- 
‘stasis, for example at sites of needle punctures, wiii 
also undergo lysis, and bleeding from such sites may 
occür. The possihility of bruising or hematoma forma- 
tion, especially with intramuscular injections, is 
substantíal during thrombolytic therapy. Unnecessary 
clinical or diagnostic procedures should be avoided. 

It is important that close attention be paid to this sec- 
tion and the Contraindications section in eee to 
minimize the risk of bleeding. 
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dntramuscular injectioris should be avoided during 
urokinase therapy, as with heparin therapy, because 
of the high risk of hematoma formation. Bleeding may 
occur at sites of recent invasive procedures. Therefore, 


arterial punctures must be avoided before as well as 


during treatment with urokinase. If arterial puncture 
is-absolutely necessary, the radial or brachial artery 


should be used and the femoral artery must be avoided. 


Arterial puncture should be performed with great care 
by an experienced physician and pressure should be 


applied for at least 15: minutes. This should be followed 


by the application of a pressure dressing, and the punc- 


. ture site should be checked frequently for evidence of 


bleeding. 

Venipunctures should also be perfomed as carefully 
and infrequently as possible. If bleeding from an inva- 
sive site occurs during urokinase infusion, but is not 
seyere, treatment may be continued with close clinical 
observation. Local, pressure and other measures 
should be initiated immediately. 

Spontaneous internal bleeding that is notaccessible 
for the application of pressure may also occur. The 
risk.of spontaneous bleeding is greater in patients with 
pre-existing hemostatic abnormalities, including pa- 
tients whose histories are. suggestive of prior bleeding 
problems whether or not there are demonstrable ab- 
normalities in platelet count, prothrombin time, partial 
thromboplastin time! or bleeding time. The relative 
risks and benefits of urokinase treatment must be care- 
fully assessed in such patients before initiating 
treatment. 

Plasmin degrades fibrinogen, Factor V, Factor VIII, 
and other proteins in addition to fibrin. The products 
of plasmin degradation of fibrinogen ‘and fibrin 
(FDP/fdp) possess an anticoagulant effect which may 


. make bleeding difficdlt to control, 


I! serious spontaneous bleeding occurs, the infusion 
of urokinase should be terminated immediately, and 
treatment instituted as described under Adverse 
Reactions. i 


Risk of Cerebral Embolism 


Urokinase treatment of patients with atrial fibriljatión 
or other conditions which predispose to cerebral 
embolism may be hazardous because of the risk of 
bleeding into the infarcted cerebral area. 


Use of Anticoagulants 


Concurrent use of anticoagulants with urokinase may 
be ‘hazardous and is not recommended. Before be- 
ginning urokinase infusion in patients being treated 
with heparin, the effects of heparin should be allowed 
to decrease, as evidenced by a thrombin time of less 
than twice normal or an activated partial thrombo- 


Ei 


. plastin time (APTT) of less than one and one-half times 


normal. Similarly, heparin should be withheld for four 
hours following urokinase therapy unless the pro- 
thrombin tíme is in thé normal range. 

Rethrombosis has been observed after completion 
of ürokinase treatment. In order to minimize this risk, 
administration of intravenous heparin followed by oral 
anticoagulant therapy is considered a necessary 
adjunct following urokinase therapy (see Dosage and 
Administration). 


Use in Pregnancy 
See Contraindications. 
Use in Children 


Safety and effectiveness of urokinase herapý in 
children have not been established; therefore, treat- 
ment of such patients is not recommended. 


Precautions 
Drug Interactions 


Drugs that may aiter platelet function, eg. aspirin, 
indomethacin, and phenyibutazone, should be avoided 
during urokinase treatment. The interaction of 
BREOKINASE with other drugs has not been studied. 


Laboratory Monitoring 


In: patients who have received heparin, the thrombin 
time or APTT should be measured prior to starting 
urokinase, (See Warnings.) Similarly, the prothrombin 
time should be monitored during and following uro- 
kinase therapy prior to instituting heparin. (See Dosage 
and Administration.) During urokinase administration, 
the levels of fibrinogen, plasminogen, Factor V, and 
Factor VIII are usually substantially decreased, and the 
level of fibrin and fibrinogen degradation products 
(FDP/fdp) is increased. Reduced fibrinogen and in- 
creased FDP/fdp result. in a prolongation of the 
prothrombin time. Changes in these tests serve as 
confirmation of the existence of a lytic state. There 
are no data to indicate that alteration of dosage is 
required on the basis of these tests, although as a gen- 
eral rule the prothrombin time should not be allowed 
to increase above 30 seconds. 


Urokinase infusion should be terminated Immediately 
if serious bleeding occurs. 


] Adverse Reactions 


Careful observance of the contraindications, warnings, 
and precautions to the use of urokinase is essential to 


minimize the incidence and severity of adverse effects. 


Bleeding 
incidence 


in controlled clinical trials of streptaldnade and 


urokínase, severe bleeding (requiring a transfusion of 


gibater than two units of blood) was seen in 4% C 
streptokinase patients and 696 of patients receivim 
urokinase. Several fatafities due to cerebral hemoi 
rhage have occurred during urokinase therapy. 
‘Spontaneous bleeding of a less severe degree ha 
been observed during urokinase treatment at abot 
twice the frequency. as‘that occurring during hepari: 
therapy. Oozing of blood from sites of skin punctur 
is frequent; therefore, all invasive procedures, espe 
cially arterial punctures and intramuscular injectiors 
should be avoided and intravenous punctures kept to 
minimum before and during treatment with urokinase 
A moderate decrease in hematocrit not accompanie 
by clinically detectable bleeding was observed i in abou 
20% of patients treated with urokinase. : 


Management of Severe Bleeding 


Urokinase therapy must be discontinued if ; seriou 
bleeding occurs. Packed red cells are indicated fc 
latae blood loss. Plasma volume expanders (other the 
Dextran) may Se used to replace blood volume defic | 
Whole blood may also be used if it alone is available 
The use of aminocaproic acid (ACA, AMICAR®) ii 
humans as an antidote for urokinase has not bee! 
documented, but its use may be considered if thi 
hemorrhage is unresponsive to blood replacemen 
(see Warnings). 


Allergic Reactions: 


Urokinase is a protein of human origin, and in vitro € 
well as intradermal tests in humans gave no evidena 
of induced antibody formation. However, the possibilit 
of serious allergic reactions (including anaphylaxis 
occurring during its use cannot be excluded. Then 
haVe been rare reports of relatively mild allergic.reac 
tions, e.g., bronchospasm and skin rash. 


Fever: 


Febrile episodes occurred in about 2-3% of urokinase 
treated patients. A causal relationship to urdkinas: 
has not been established. Symptomatic treatment wit 
acetaminophen rather that aspirin is usually sufficien 


Dosage and Administration 
Preparation 


Reconstitute each vial of Breokinase by aseptícall 
adding 8.0 ml of Sterile Water for Injection, U.S.P (It i 
important that only Sterile Water for Injection, U.S.F 
without preservatives, be used. Bacteriostatic Wate 
for injection or other dituents should not be used. 
Swirl gently to avoid foaming. Do Not Shake. Becaus: 
Breokinase contains no preservatives, it should not b 
reconstituted until immediately before using. Any ur 
used portion of the reconstituted material should b 
discarded. 

tach ml of reconstituted Breokinase contain 
31,250 C.T.A. Units of urokinase activity. 


Dosing 
Breokinase is Intended for intravenous Infusion Only 


Urokinase treatment should be begun as soon as pos 
sible after the occurrence of pulmonary embolism, arx 
no later than five days after onset. A priming or loadin 
dose of 2000 C.T.A. Units/ib (4400 C.T.A. Units/kg) o 
reconstituted Breokinase is given over a period c 
ten minutes. This is followed by a continuous infusio 
of 2000 C.LA. Units/ib/hr (4400 CTA. Units/kg/ht 
for 12 hours. 

A. constant infusion pump independent of ail othe 
intravenous systems should be used. Do not expos: 


_ reconstituted solution to excessive heat, such as hígl 


intensity lights, during administration. 
Anticoagulation Following Breokinase Treatment 


At the end of Breokinase infusion, treatment witl 
heparin by continuous intravenous infusion followec 
by oral anticoagulant therapy is recommended to mini 
mize: rethrombosis. Heparin treatment should begit 
4 hours after Breokinase infusion, or sooner if thi 
prothrombin time has returned to normal. See manu 
facturers prescribing information for proper use c 
heparin. 

How Supplied 

Breokinase is supplied as a sterile lyophilized prepara 
tion. Each vial contains 250,000 C.T.A. Units o 
urokinase activity and approximately 0.9 millimol 
sodium P piatos: The vials should be stored at o 
below 4 


| Breon Laboratories Inc. 
ae 90 Park Avenue 
New York NY 40046 
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A double outlet left ventricle with a special composite prosthesis inter- 
posed between the left ventricular apex and the supraceliac abdominal 
aorta was created in 27 patients (16 male and 11 female). Their ages 
ranged from 4 to 72 years (mean 23). Preoperative hemodynamic studies 
demonstrated a mean (+ standard deviation) peak left ventricular systolic 
pressure of 213 + 36 mm Hg with a mean left ventricular outflow gradient 
of 93 + 33 mm Hg. Postoperatively, mean left ventricular systolic pressure 
decreased to 128 + 26 mm Hg (p <0.01) and the mean gradient from the 
left ventricle to the ascending aorta decreased to 14 + 17 mm Hg (p 
« 0.01). Fractionation of the left ventricular cardiac output deter- 
mined with velocity-tipped catheter probes revealed an average antero- 
grade flow through the aortic valve of 69 + 10 percent and a retrograde 
flow through the composite conduit of 31 + 9 percent. The longest fol- 
low-up period is approaching 48 months. The early mortality rate was 11 
percent with a similar late mortality rate. In the presence of multiple 
previous procedures, and diminutive anuli or hemolysis from valve re- 
placement in small aortic outflow tracts or both, this approach is 
straightforward, expeditious and effective. In complicated situations, this 
procedure may be simpler than those designed to enlarge the outflow 
tract. 


Congenital and acquired obstructive lesions of the left ventricular out- 
flow tract are usually managed satisfactorily with conventional tech- 
niques. However, in certain instances the results are less than optimal 
and the necessity for subsequent reoperation is common. In 1964, we 
initiated investigations on implantable blood pumps.'? Early in these 
studies an awareness of the clinical dilemmas of primary or recurrent 
complex left ventricular outflow tract obstructions in patients of all ages 
prompted us to extend our experimental (and subsequently clinical) 
techniques with left ventricular assist devices with the use of modified, 
nonpumping prosthetic apical left ventricular-aortic valve composite 
conduits. Our clinical experience with the abdominal-left ventricular 
assist device now includes 21 clinical trials; our parallel experience with 
composite conduits now includes a consecutive series of 27 patients. In 
each of these 48 instances, evolving and improved techniques have been 
employed. 

'The purposes of this report are (1) to summarize some of the back- 
ground of these developments; (2) to review some of the theoretical 
considerations involved including our current views of the desiderata 
of rigid inlet, apico-aortic valved conduits; (3) to summarize the current 
operative techniques and alternatives; (4) to analyze some of the he- 
modynamic results; (5) to reemphasize the usefulness of such composite 
conduits; and (6) to draw some conclusions based on these initial clinical 
results. 
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Historical Background 


We have reviewed the salient developments in this 
area in previous reports.? The concept is not new. In 
1910, Carrel4 described experiments in which a bypass 
was established from the left ventricle to the thoracic 
aorta with use of vein grafts. Similar studies were un- 
dertaken by Jeger? before 1923. In 1950, Bill et al. 
constructed a left atrioventricular bypass conduit using 
aortic homografts in experimental animals. The early 
results were promising, but late fatal hemorrhage from 
the myocardial anastomosis and deterioration of the 
homograft valves deterred clinical use. In the same year, 
Bailey et al.” described conduit procedures in dogs that 
used a homograft aorta containing the donor's aortic 
valve connecting the left ventricular apex to the thoracic 
aorta. The procedure was abandoned because of a high 
rate of fatal hemorrhage at the site of graft insertion into 
the left ventricular chamber. In the following year, 
Hufnagel? used the apico-aortic technique but was 
dissatisfied with the results in the experimental labo- 
ratory. In 1955, Sarnoff et al. used a Lucite” tube con- 
taining a modified Hufnagel ball and seat valve to direct 
the entire cardiac output from the left ventricle to the 
descending thoracic aorta. In dogs so treated, the as- 
cending aorta could be totally and permanently oc- 
cluded without impairing the circulation. Postopera- 
tively, these animals ran, jumped and swam. In 1962 to 
1963, Templeton (personal communication) implanted 
a prosthesis similar to that described by Sarnoff et al.? 
in five patients with severe aortic valve stenosis; one 
patient survived more than 10 years. Al-Naaman!? re- 
ported similar experimental approaches in 1963 as did 
Detmer et al.!! in 1971. 

Some of our relevant work!? was recorded in 1974, 
and further experimental studies were reported by 
Brown et al.!? In 1975, Bernhard et al.!^ reported an 
operation in which a stainless steel conduit was con- 
nected to the descending thoracic aorta, and our initial 
clinical trials were recorded.!*:!© The pertinent refer- 
ences are summarized in Table I. 


. . Theoretical Considerations 


Physiologic effects of fractionating left ven- 
tricular output: A number of concerns arose during our 
experimental studies regarding the feasibility and short- 
and long-term effects of rigid inlet left ventricular 
apex-abdominal aortic valved conduits. The most fre- 
quently asked early questions concerned the possible 
physiologic effects of fractionating left ventricular 
output on upper and lower body visceral functions. In 
concurrent reports to the National Heart, Lung, and 
Blood Institute Program Office, we documented 6 
month survival, and a mean survival time of 44.4 days, 
in a consecutive series of 26 calves in which the entire 
left ventricular output was taken over by a pumping 
prosthesis without untoward thromboembolic or other 
deleterious effects. During these experiments, the left 
ventricular apex inlet tube underwent a series of design 
iterations, and a beveled inflow orifice with the longer 


extent positioned against the septum produced the best 
results in assuring free egress and avoiding inflow ob- 
struction. As a result of these studies, we were also able 
(1) to refine implantation techniques; (2) to determine 
that fractionation of left ventricular output did not af- 
fect peripheral visceral function; and (3) to document 
that there was no evidence of myocardial atrophy or 
hypertrophy in the presence of a double outlet left 
ventricle in calves. 

Effect of prosthesis on left ventricular function: 
A second group of questions concerned the possible 
deleterious effects on left ventricular function as a result 
of the presence of a rigid inlet tube in the apex of the left 
ventricle. Experiments to determine these effects were 
initiated in 1972 and reported in 1974. The results in- 
dicated that an inlet tube inserted in the left ventricular 
apex of calves for periods of up to 280 days resulted in 
no major hemodynamic effects; two calves underwent 
cardiac catheterization 32 and 72 days, respectively, 
after inlet tube implantation. Angiography demon- 
strated a reduction in left ventricular major axis 
shortening during ejection; for any given radius, the 
ventricular volume was increased. These effects were 
attributed to the fixed position of the left ventricular 
apex. 

Recommended criteria for the prosthesis: On the 
basis of these observations, we formulated the following 
design and operational criteria for rigid inlet apical left 
ventricular-abdominal aorta valved conduits: (1) A 
capability of predictably providing low impedance* 
outflow from the apex of the left ventricle to the sys- 
temic circulation, bypassing left ventricular outflow 
tract obstructions of various causes; (2) a provision for 
unidirectional flow throughout the cardiac cycle, with 
minimal regurgitation, employing conventional or im- 
proved valving mechanisms; (3) a valving system equal 
to, or better than, currently available prosthetic or tissue 
valves; (4) components that were easily fabricated and 
mechanically durable (5 to 10 years); (5) blood-con- 
tacting surfaces that were compatible with all circu- 
lating intravascular constituents; (6) components that 
did not promote thrombotic or embolic phenomena; (7) 
implantation and replacement techniques that were 
simple; (8) ready availability for pediatric patients, 
adolescents and adults; (9) acceptability by current 
human studies criteria with mechanical standards for 
use in man; and (10) if possible, no requirement for 
adjunctive anticoagulant therapy (Coumadin®). 


* Left ventricular outflow tract obstructions (LVOTO) can be regarded 
as dynamic impedances (LVOZ,) that limit anterograde left ventricular 
outflow (Q4). If a second left ventricular outflow tract is constructed, 
elevated peak and mean left ventricular pressures, myocardial oxygen 
consumption levels and left ventricular outflow tract gradients will be 
reduced in proportion to the reduction in the total or equivalent left 
ventricular impedance (LV Zio). The second or prosthetic left ventricular 
outflow tract will accept retrograde left ventricular flow (Q2) in proportion 
to its inherent impedance (conduit Z5). LVZtot, the inverse of the sum- 
mation of the two parallel impedances can be derived, that is, 1/Zio 
= 1/Z4 + 1/Z2. Although LVOTOZ, is less than that of the composite 
conduit (Z5), LVZtot decreases with the addition of the conduit (Z5). '" 


1266 June 1980 The American Journal of CARDIOLOGY Volume 45 


Clinical Application 


On the basis of these initial considerations and our cumu- 
lative bovine experience, we initiated our clinical trials in 1974 
to 1975. 'The desirability of a rigid inlet prosthesis became 
more apparent after the first three patients were operated on. 
Subsequently, we have used a rigid inlet prosthesis (Texas 
Technology Transfer Laboratories, Inc., Houston, Texas) 
attached to an appropriately sized Dacron? graft containing 
a porcine heterograft. 


Initial Techniques 


Initially, a preclotted, tiglttly woven graft (Meadox Medi- 
cals, Oakland, New Jersey) was anastomosed to the left ven- 
tricular apex, brought through the subjacent diaphragm and 
anastomosed to an appropriately sized porcine valve-bearing 
Hancock prosthesis (Hancock Laboratories, Inc., Anaheim, 
California) previously anastomosed to the supraceliac ab- 
dominal aorta. The necessity of a rigid thromboresistant left 





FIGURE 1. Preferred technique of composite conduit implan- 
tation. abd — abdominal. 


Plug excised * 
from apex 
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ventricular outlet prosthesis was subsequently appreciated. 
This requirement was substantiated by the observation of 
near obliteration of the graft inlet during peak systole and led 
to the fabrication, testing, modification and incorporation into 
the current composite prosthesis of a special polished Pyro- 
lite? carbon left ventricular apex outlet prosthesis with an 
integral Teflon? (USCI: A Division of C. R. Bard, Inc., Bil- 
lerica, Massachusetts) sewing ring and low porosity graft ex- 
tension. 

The initial technical considerations were related to: (1) 
the ease of extending a median sternotomy into the upper part 
of the abdomen to expose the supraceliac abdominal aorta for 
reentry, thereby avoiding the left pleural cavity to gain access 
to the descending thoracic aorta; (2) the avoidance of pros- 
thetic valving mechanisms that would require long-term an- 
ticoagulation with Coumadin; and (3) the positioning of the 
porcine valving mechanism superficially in the upper part of 
the abdomen to facilitate subsequent replacement, if it be- 
came necessary, without reentering the mediastinum. 
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Current Techniques (Fig. 1) 


In most instances, we have used total cardiopulmonary 
bypass, moderate induced systemic hypothermia (32? C) and 
infusion of cardioplegic solution into the aortic root. (The THI 
cardioplegic solution = 500 ml of 5 percent dextrose and 0.45 
percent sodium chloride containing: potassium chloride, 20 
mM (20 mEq) [1492.0 mg]; magnesium chloride, 7.5 mM (15 
mEq) [713.9 mg]; sodium bicarbonate, 2.5 mM (2.5 mEq) 
[210.0 mg]; and calcium chloride, 1.0 mM (2.0 mEq) [147.14 
mg]; 1 mg of propranolol [light-sensitive] is added.) The left 
atrium is vented through the right superior pulmonary vein 
after which the ascending aorta is cross-clamped and the as- 
cending aorta, aortic valve and left ventricular outflow tract 
are examined to determine the necessity or advantages of 
fashioning a double outlet left ventricle. Once a decision is 
made, the aortic cross clamp is released after aortic continuity 
has been restored and the median sternotomy is extended into 
the upper part of the abdomen. The transverse colon and 
stomach are retracted downward and to the right. After the 
triangular ligament is divided, the left lobe of the liver is 
mobilized and retracted to the right. 'The right crus of the 
diaphragm is incised to expose a generous portion of the su- 
praceliac abdominal aorta. The segment of the abdominal 
aorta, just beneath the diaphragm, is clamped proximally and 
distally, and the distal end of an appropriately sized Dacron® 
graft containing a heterograft valve is anastomosed end to side 
to the abdominal aorta with a running suture of 3-0 or 4-0 
polyester. An appropriate ellipse is excised from the left 
hemidiaphragmatic leaf at a location closest to the left ven- 
tricular apex, whatever its orientation.!? The ascending aorta 
is then cross-clamped again, cardioplegic solution is reinfused 
and an aperture is fashioned in the left ventricular apex with 
a circular knife, just to the left of the terminal radicles of the 
left anterior descending coronary artery. 

A special polished Pyrolite carbon inlet prosthesis is in- 
serted in the left ventricular cavity with its longer extent po- 
sitioned against the ventricular septum, and the Teflon sewing 
ring is secured to the apex with circumferential, full-thickness 
mattress sutures of 3-0 or 4-0 polyester, buttressed with 10 to 
14 overlapping Teflon pledgets. The graft extension of the 
prosthesis is then passed through the diaphragm, tailored to 
result in a gentle curve and anastomosed to the tissue valve- 
bearing graft. Before the ascending aortic cross clamp is re- 
leased, precautions are taken to evacuate air from the com- 


TABLE | 
Historical Development of Left Ventricular Apico-Aortic 
Valved Conduits 
Refer- 
Year Authors ence 


1910 Alexis Carrel 4 
1923 Jeger, cited by Kuttner 5 
1950 Bill, Pierce and Gross 6 
1950 Bailey, Glover, O'Neill and Ramirez vi 
1951 Hufnagel 8 
1955 Sarnoff, Donovan and Case 9 
1962 Templeton (personal communication) 


1963 Al-Naaman 10 
1971 Detmer, Johnson and Braunwald 11 
1974 Igo, Hughes, Daly, Huffman and Norman 12 
1974 Brown, Meyerowitz, Cann, Mcintosh and 13 
Morrow 
1975 Bernhard, Poirier and LaFarge 14 
1975 Cooley and Norman 15 
1975 Cooley, Norman, Mullins and Grace 16 


posite conduit proximal and distal to the valve, the left ven- 
tricle and the ascending aorta. 


Alternative Techniques 


We currently prefer the aforementioned methods, but al- 
ternative methods can be employed. For example, in some 
situations it may be possible to implant the composite conduit 
within the mediastinum to course from the left ventricular 
apex to the ascending aorta or the undersurface of the aortic 
arch. This approach would avoid entry into the abdomen but 
would require reentry into the mediastinum for subsequent 
replacement of the conduit valve, or the composite conduit 
could be implanted to course from the left ventricular apex 
to the descending thoracic aorta. This approach would require 
left thoracotomy and cardiopulmonary bypass. We have im- 
planted such a composite conduit from the left side of the 
chest without cardiopulmonary bypass employing short pe- 
riods (less than 3 minutes) of induced ventricular fibrillation. 
This approach does not facilitate examination of the ascending 
aorta or the supravalve, valve and subvalve areas. In other 
circumstances, the conduit could be implanted to course from 
the apex of the left ventricle to the infrarenal abdominal aorta. 
However, its chronic presence within the free peritoneal cavity 
could result in visceral encroachment, intestinal erosion or 
obstruction. 


Results 


Clinical features of patients: We have employed 
these evolving methods in 27 patients. Their diagnosis, 
age, sex, pre- and postoperative values for peak left 
ventricular systolic pressure and a pressure gradient 
from the left ventricle to ascending aorta are summa- 
rized in Table II. Also summarized are the postoperative 
ratios of the anterograde flow (through the aorta) and 
retrograde flow (through the conduits). In Figure 2, the 
data in nine patients are shown; the outflow tract-as- 
cending aorta gradients were decreased approximately 
85 percent or an average of 80 mm Hg. In Figure 3, the 
left ventricular pressures (mm Hg) are plotted against 
normalized systolic times, pre- and postoperatively. 
From such expressions of the data, mean left ventricular 
systolic pressure was derived. Postoperatively, ten- 
sion-time indexes were reduced approximately 45 per- 
cent and calculated myocardial oxygen consumption 
(MVO») was decreased approximately 18 percent. 

Mortality: There were three early and three late 
deaths in this series of 27 patients. These are summa- 
rized along with the corresponding diagnoses in Table 
III. Early in the series, one 9 year old boy (Case 11, 
'Table II) could not be weaned from cardiopulmonary 
bypass. A second 9 year old boy (Case 22) was a Jeho- 
vah's Witness who died in the early postoperative period 
from a hemorrhagic diathesis. A 49 year old man (Case 
21) died on the 2nd day after operation from left ven- 
tricular failure. 

The first late postoperative death occurred in an 8 
year old girl (Case 12) who had undergone three previ- 
ous subaortic resections and two attempted repairs of 
complex coarctation. This patient experienced two 
transient cerebral ischemic episodes 6 months postop- 
eratively followed by a terminal cerebrovascular acci- 
dent. An arterial malformation of the right middle ce- 
rebral artery with extensive thrombosis was found at 
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autopsy and the cause of death was not thought to be 
related to the conduit. The second late postoperative 
death occurred in a 12 year old boy (Case 20) in whom 
bacterial endocarditis developed on the porcine valve 
of the conduit, and he died 3 months after operation 
from sepsis and empyema (conduit-related). The third 
death occurred in a 36 year old man (Case 4) who died 
approximately 4 years after operation. Autopsy revealed 
a retroperitoneal hematoma attributed to a consump- 
tive coagulopathy and partial disruption of the left 
ventricular apex-fabric graft anastomosis with pseu- 
doaneurysm formation. ' 


mary or recurrent left ventricular outflow tract ob- 
structions has been promising. Fourteen of these 27 
patients have been studied with cardiac catheterization 
within 10 days after operation and 6 months postoper- 
atively. Analyses of pressure and angiographic and ar- 
terial velocity patterns have shown that the left ven- 
tricular-ascending aortic pressure gradient has been 
relieved, left ventricular function has been preserved 
or improved, blood flow is distributed normally 
throughout the systemic circulation and flow through 
the conduit is a function of the degree of the native left 
ventricular outflow tract obstruction in relation to 


conduit size and its inherent impedance. Follow-up of 
some of these patients for periods approaching 48 
months has shown that the procedure is well tolerated 
and permits normal exercise, growth and development 


Comments 


Clinical results: Thus far, our clinical experience 
over 4 years with valved apico-aortic conduits for pri- 


TABLE Il 
Summary of 27 Cases 
Preoperative Postoperative 
LV-Ao LVP-Ao Cond- 
Gra- Gra- uit 
Age LVP dient LVP dient — AoQ Flow Remarks 
(yr) & (mm (mm (mm (mm (96 (96 (previous 
Case Diagnosis Sex Hg) Hg) Hg) Hg) CO) CO) procedures) 
1 Congenital AS-AI 11F 250 120 130 15 71 29 Valvotomy 
2  Supravalve AS 7M 200 80 135 10 59 41 Aortoplasty 
3 Supra- and subvalve AS 15F 220 130 120 10 66 34 Aortoplasty 
4  Subvalve AS 36M 250 130 130 20 76 24 Resections 
5  Calcific AS 72M 140 40 130 20 60 40 
6  Calcific AS (small 39F 220 80 100 0 a AT AVR 
anulus) 
7  Supravalve AS 15M 260 90 170 20 68 32 Aortoplasty 
8 IHSS 18F 230 130 180 60 84 16 
9 Congenital AS 4M 205 100 100 0 at's va 
10 Subvalve AS 5F 180 80 yu s ys 
11 Congenital supravalve AS 9M 240 150 
12 . Subaortic stenosis, MI 8F 185 65 TT S D TF Coarctation, resections 
13 AS (small anulus) 27F 150 54 120 5 67 33 AVR, hemolytic 
anemia 
14 Congenital supravalve AS 16F 285 150 120 15 55 45 
15 Congenital AS (small anulus) 18M 240 60 180 50 85 15 AVR 
16 Congenital AS (small anulus) 28M 150 40 100 0 4 es Valvotomy, 
commissurotomy 
17 eon subvalve 20M Resection, valvotomy 
AS-AI —_ 
18 Supravalve and valve AS 8M 180 60 100 10 Resection, valvotomy 
19 . AS-AI (small anulus) 15M 230 94 ia^. TE VENT coarctation, 
AV 
20 Congenital supravalve and 12M 200 120 120 10 Valvotomy 
valve AS (small anulus) 
21  Calcific AS, chronic hemol- 49M 220 100 Noncalcific MS, AVR, MVR 
ysis (small anulus) 
22 iE supravalve 9M 220 115 Resection, AVR 
AS-AI 
23  Calcific AS-AI and 66F 240 40 ids TU T ae AVR 
hemolytic anemia 
24 . Congenital AS (small 15M 210 105 110 0 AVR, valvotomy 
anulus) 
25 Supravalve AS 23F 230 100 130 0 Aortoplasty 
26 Prosthetic AS 65M 234 54 Ped T MS le AVR X 2, ACB X 1, 
E pacemaker, 
pericardiectomy 
27 X Tunnel subaortic 8F 200 100 Resection, VSD repair 
stenosis, Al 
Mean 213 93 128 14 69 31 
+ SD 36 33 26 17 10 10 


ACB = aortocoronary bypass grafting; Al = aortic insufficiency; Ao = aortic; AS = aortic stenosis; AVR = aortic valve replacement; CO = 
cardiac output; LVP = left ventricular pressure; MI = mitral insufficiency; MS = mitral stenosis; MVR = mitral valve replacement; VSD = ventricular 
septal defect. 
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FIGURE 2. Left ventricular-ascending aorta (LV-Ao) gradient, before 
(Pre-Op) and after (Post-Op) composite conduit implantation in nine 
patients. The mean gradient was reduced approximately 85 percent 
or an average of 80 mm Hg. 





TABLE lll 
Results of Apico-Aortic Conduit Grafting 
Early Late 
Patients Deaths Deaths 
Diagnosis (n) (n) (n) 
CongenitaLaortic stenosis 
Primary operation 3 1 
Previous valvotomy 3 
Previous AVR 2 
Previous valvotomy, 1 
subsequent AVR 
Supravalve stenosis 4 2 
Valve and supravalve stenosis 
Primary operation 1 
Previous valvotomy 1 
Tunnel stenosis and IHSS 
Previous operation 1 
Subaortic stenosis 
Previous operation(s) 5 2 
Previous AVR for RHD 
With hemolytic anemia 4 1 
Aortic stenosis and CAOD 
Primary operation 1 
Previous operation(s) 1 
Total 27 3 3 
(11%) (11%) 


AVR = aortic valve replacement, CAOD = coronary arterial occlu- 
sive disease; IHSS = idiopathic hypertrophic subaortic stenosis; RHD 
= rheumatic heart disease. 
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FIGURE 3. Left ventricular (LV) peak systolic pressures versus nor- 
malized systolic time plots in nine patients before (Pre-Op) and after 
(Post-Op) composite conduit implantation. From these curves, values 
for indirect time-tension indexes and for myocardial oxygen con- 
sumption were calculated. These values were reduced approximately 
45 and 18 percent, respectively. 


in children. In both children and adults, the operation 
relieves signs and symptoms of left ventricular outflow 
tract obstruction. Additionally, the hemolytic mani- 
festations of increased sheer stress and turbulence due 
to aortic valve replacement in the adult with a small 
aortic anulus have been reversed. 

Clinical applications: The availability of a range of 
composite conduit sizes (12 to 20 mm in outer diameter) 
has added a measure of additional security in numerous 
anticipated or unanticipated circumstances. In general, 
conventional techniques are usually planned before 
each procedure, but creation of a double outlet left 
ventricle has proved to be a valuable alternative and has 
solved certain problems related to the left ventricular 
outflow tract not readily amenable to conventional 
methods. Salient among these have been complex forms 
of supravalve stenosis, combined valve and anular 
(tunnel) stenoses and extensive subvalve stenosis. 
Calcification of the ascending aorta and aortic sinuses, 
which may preclude conventional aortic valve replace- 
ment, can be corrected with these methods, and multi- 
ple adhesions and difficult dissections of the aortic root 
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after prior procedures can be avoided or limited to those 
necessary only to appraise the lesion and determine the 
advisability of conduit utilization. 

Other workers!??? have noted some of the short- 
comings of the smaller (19 and 21 mm stent diameter) 
porcine xenograft aortic valve prostheses, particularly 
when used in the adult with a small aortic root. Various 
methods have been developed to enlarge the aortic root 
to permit use of a larger prosthesis, but in several in- 
stances we have found the apico-aortic conduit ap- 
proach to be simpler and equally efficacious. No dele- 
terious effects have resulted from fractionation of the 
cardiac output into anterograde (outflow tract) and 
retrograde (conduit) portions. 

Technical variations: Variations on a central theme 
of left ventricular apex to ascending, descending or in- 
frarenal abdominal aorta have been described, but the 
choice of egress from the conduit to the systemic cir- 
culation does not seem to be important and may be only 


a matter of personal choice. More recently, some 
workers have suggested direct anastomosis of the sewing 
ring segment of an inverted aortic valve prosthesis 
contained within a fabric graft directly to the left ven- 
tricular apex as an attractive further variation. The 
possible disadvantages of this approach are: (1) the 
possibility of left ventricular apex restriction of flow 
through the valve during systole, if such cvclic ob- 
struction proximal to the valve is not prevented by a 
rigid inlet prosthesis, and (2) the need for full cardio- 
pulmonary bypass in reoperation to replace the valve 
and possibly further resection of the apical myocardium 
for replacement. In our view, the infradiaphragmatic 
location for the distal anastomosis as originally pro- 
posed is preferable because of the relative ease of 
changing the prosthesis if valve failure occurs. The use 
of the rigid Pyrolite inlet connector has borne the test 
of time and the use of oral antiplatelet agents (aspirin, 
dipyridamole) in these patients seems prudent. 
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"Rules" were devised that accelerated junctional escape rhythms should 
follow if they are to be consistent with the observations of cellular elec- 
trophysiologic experiments on delayed afterdepolarizations and these 
rules were then tested using linear regression and multivariate analysis. 
Fifty-five electrocardiograms of accelerated junctional escape were 
analyzed. Analysis of the electrocardiographic intervals showed (1) that 
accelerated junctional escape occurred over the expected range of cycle 
lengths for delayed afterdepolarizations; (2) that sinus cycle length and 
escape interval for the initial junctional beat were related to the accel- 
erated junctional escape cycle length (p <0.01); and (3) that the coupling 
intervals for the ectopic beats that initiated accelerated junctional escape 
also were related to the escape interval and cycle length of the acceler- 
ated junctional escape (p <0.01). The relatively short cycle length at 
which accelerated junctional escape occurs makes it unlikely that the 
automaticity usually attributed to ix, pacemakers is the mechanism in- 
volved. The cycle length distribution also suggests that reentry is not the 
cause. In summary, accelerated junctional escape fulfills the criteria set 
for cardiac arrhythmias induced by delayed afterdepolarizations. However, 
because of the limitations of the surface electrocardiogram, overdrive- 
enhanced automaticity cannot be ruled out entirely. - 


Until recently, clinical cardiac arrhythmias were thought to result from 
abnormalities of conduction or automaticity or from a combination of 
the two.! Certain arrhythmias are thought to exemplify the two mech- 
anisms: For example, fixed coupling usually is thought to be reentrant 
and due to abnormal conduction (although recent work? has questioned 
this assumption); idioventricular rhythms in the presence of complete 
atrioventricular (A-V) block are considered to be automatic, and para- 
systolic rhythms are assumed to require a combination of automaticity 
and abnormal conduction for their initiation. 

Additional mechanisms for the initiation of cardiac arrhythmias have 
been described in cellular electrophysiologic studies. These include early 
and delayed afterdepolarizations,? which can induce “triggered” ar- 
rhythmias, as well as phase 4 depolarization and abnormal automaticity 
in partially depolarized fibers.*-9 The relation of these mechanisms to 
clinically occurring cardiac arrhythmias is now a subject of intense in- 
terest. 

The purpose of this study was to apply our knowledge of the cellular 
electrophysiologic characteristics of delayed afterdepolarizations to a 
clinically occurring cardiac arrhythmia and to determine whether this 
would help us to understand the mechanism responsible for the ar- 
rhythmia. The arrhythmia we studied was accelerated A-V junctional 
escape. Our approach was first to formulate “rules” for the generation 
of a clinical arrhythmia by delayed afterdepolarizations on the basis of 
observations made from cellular electrophysiologic studies and then to 
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use statistical methods to test the likelihood that the 
clinical arrhythmia followed these rules. We assumed 
that if the clinical arrhythmia followed the cellular 
*rules," we could then reasonably conclude that the 
cellular mechanism or mechanisms on which the rules 
were based might well be the cause of the arrhythmia. 
Further, if the rules could be made to discriminate 
among (1) delayed afterdepolarizations and resultant 
triggering, (2) the automaticity that results from the ik» 
pacemaker current? in some normal specialized con- 
ducting tissue and that is overdrive-suppressible, (3) the 
abnormal automaticity that occurs in depolarized spe- 
cialized conducting’ and muscle®® tissue, and (4) 
reentry, then the likelihood that the arrhythmia was due 
to the first of these mechanisms would be increased. 


Methods 
Electrocardiographic Studies 


We reviewed electrocardiograms from 55 patients with 
accelerated junctional escape. A detailed description of 49 of 


these electrocardiograms was reported previously by two of 
us.9 This initial study described 49 electrocardiograms in 
which normal sinus rhythm was interrupted by accelerated 
junctional escape rhythms. The electrocardiographic and 
clinical data reported in the initial study and those from the 
six additional cases are shown in Table I and the electrocar- 
diographic mechanisms permitting accelerated junctional 
escape are reviewed in Figure 1A. 

The following definitions proposed in the earlier study are 
used in the present study (Fig. 1B): The interval from the 
peak of the last R wave of the normal rhythm or from the R 
wave of a single premature beat that interrupts the normal 
rhythm to the junctional escape R wave is referred to as the 
“manifest escape interval.” When three or more junctional 
beats occur in sequence, the interectopic junctional cycle 
length between the second and third junctional escape im- 
pulses is referred to as the “true junctional interectopic in- 
terval.” For all electrocardiograms the earlier study reported 
(1) “the rate of the dominant pacemaker (dominant R-R in- 
terval), (2) the manifest escape interval, (3) the mechanism 
permitting an escape, (4) the true cycle length of the ectopic 
junctional pacemaker, (5) the number of consecutive ectopic 
junctional complexes, and (6) the clinical setting accompa- 
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FIGURE 1. A, Lewis diagram demonstrating the various mechanisms permitting accelerated junctional escape (A = atrium; E = manifest escape; 
J e junction or interjunctional cycle; SA = sinoatrial node; V = ventricle.) (4) Conducted atria! premature depolarization with escape and true in- 
terjunctional interval being equal (E = J). © Atrial premature depolarization blocked above the junctional site with the manifest escape and true 
interjunctional intervals being equal (E = J). (8) Ventricular premature depolarization activating the ventricles before reaching the junctional site, 
resulting in a manifest escape interval longer than the true interjunctional cycle length (E — J). (4) Atrial premature depolarization penetrating to 
the level of the junctional focus, discharging, but failing to reach the ventricle, resulting in an escape interval longer than the true junctional interval. 
(5) Conducted atrial premature depolarization with delay of conduction below the accelerated junctional focus with a resultant manifest escape 
interval shorter than the true interjunctional interval (E — J). (Modified from Knoebel and Fisch.9) B, electrocardiographic intervals measured. ( 7) 
dominant R-R; (2) ectopic R-R; (3) manifest escape interval; (4) true junctional interval. 
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nying the accelerated escape rhythms." In the present study, 
one additional interval was measured in those electrocardio- 
grams in which a single premature depolarization interrupted 
the sinus mechanism and preceded the manifest escape in- 
terval. This was the ectopic R-R interval (measured from the 
last sinus-initiated R wave to the R wave of the premature 
impulse that interrupted the sinus cycle and initiated the 


These proposed definitions have limitations that are in- 
herent in the body surface electrocardiogram. For example, 
from the electrical behavior of the working myocardium as 
recorded in the electrocardiogram we have attempted to de- 
duce the behavior of the cardiac specialized conducting tissue, 
which, of course, is not manifested in the electrocardiogram. 
With this limitation in mind, it is apparent that the duration 





arrhythmia). of the manifest escape interval will approximate the true 
TABLE ! 
Electrocardiographic and Clinical Data in 55 Cases of Accelerated Junctional Escape Impulses* . 
Consecutive 
Dominant Manifest True Ectopic Mechanism Escape 
R-R Escape Junctional R-R Allowing Impulses Clinical 
Case Interval Interval Ratet Interval Escape (n) Setting 
1 440 540 260 APD 1 Digitalis 
2 490 880 340 Blocked APD 1 Digitalis 
3 500 500 520 340 APD 3 Digitalis 
4 520 680 520 280 VPD 1 Digitalis 
5 520 1,060 Wenckebach 1 Digitalis 
6 520 940 320 Blocked APD 1 Digitalis 
7 520 640 340 APD 1 Digitalis 
8 540 720 720 320 Blocked APD 4 Digitalis 
9 560 550 600 360 APD 4 Digitalis 
10 580 660 680 340 APD 3 Postop 
11 580 660 280 APD 1 Digitalis 
12 600 780 700 340 VPD 2 Postop 
13 600 660 700 340 APD 2 Postop 
14 600 840 Wenckebach 1 MI 
15 600 920 320 APD 1 Postop 
16 600 700 680 280 APD 2 Digitalis 
17 620 1,040 520 APD 1 Digitalis 
18 620 780 380 VPD 1 Postop 
19 620 600 680 480 APD 4 Postop 
20 620 680 480 APD 3 Postop 
21 640 640 640 460 APD 2 Postop 
22 660 720 720 APD 3 Postop 
23 660 920 900 400 Blocked APD 2 Digitalis 
24 660 880 Wenckebach 1 MI 
25 680 680 800 340 APD 3 tCatt; Tet 
26 680 1,040 1,040 400 Blocked APD 2 Digitalis 
27 680 1,000 Wenckebach 1 MI 
28 680 640 660 440 APD 2-8 Digitalis 
29 680 760 680 420 VPD 10 Digitalis 
30 680 760 APD 1 Postop 
31 700 720 720 SA slowing 6 MI 
32 720 920 320 VPD 1 Postop 
33 720 1,200 480 Blocked APD 1 Digitalis 
34 720 440-960 880 JPD 3 Postop 
35 740 920 760 460 VPD 2 Postop 
36 A CAN 1,120 VT (SA depression) 1 No disease(?) 
37 760 1,000 520 VPD 1 Postop 
38 760 920 800 560 VPD 4 Digitalis 
39 760 960 360 VPD 1 Postop 
40 780 960 960 Wenckebach 2 Digitalis 
41 800 960- 1,000 860 520 VPD 5 Digitalis 
42 800 1,160 520 VPD 1 No disease(?) 
43 800 840 SA depression 1 MI 
44 820 920 860 440 VPD 4 Postop 
45 860 860 860 SA slowing 4 MI 
46 880 1,000 400 APD 1 MI 
47 890 920 920 SA slowing 5 MI 
48 920 1,220 500 VPD 1 MI 
49 920 1,000 980 SA depression 3 t K+ 
50 640 1,040 Wenckebach 1 MI 
51 740 1,000 540 Blocked APD 1 MI 
52 600 760 440 VPD 1 MI 
53 680 680 640 420 JPD 5 Digitalis 
54 560 840 320 Blocked APD 1 No disease(?) 
55 640 720 300 APD 1 No disease(?) 


* All intervals are in ms. 


t See Methods for derivation. 


APD = atrial premature depolarization; Ca* * = calcium ion; JPD = junction premature depolarization; K* — potassium ion; MI — myocardial 


infarction; Postop = post open heart surgery; SA = sinoatrial; VPD = ventricular premature depolarization; VT = ventricular tachycardia. 
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junctional escape cycle only if the conduction time from the 
junctional focus to the myocardium is the same for all junc- 
tional impulses. 


Microelectrode Studies 


Purkinje fibers were excised from the hearts of mongrel dogs 
anesthetized with sodium pentobarbital, 30 mg/kg body 
weight intravenously. The tissues were placed in a Lucite® 
chamber and superfused with a modified Tyrode’s solution? 
maintained at 37 + 0.5? C. The techniques for stimulating the 
tissues, calibrating the equipment and recording transmem- 
brane potential characteristics have previously been described 
in detail.9-!! To study the effects of digitalis, ouabain was 
added to the superfusate to make a final concentration of 2 
X 1077 M. We have shown previously!! that this concentration 
has effects on the action potential comparable with those seen 
when anesthetized dogs are given sufficient ouabain to induce 
ventricular arrhythmias and their blood is used to superfuse 
isolated Purkinje fibers. 


Analysis of Delayed Afterdepolarizations and 
Generation of Clinical Rules 


In this section we will first review the characteristics 
of delayed afterdepolarizations that have been de- 
scribed in cellular electrophysiologic studies and then 
derive a series of rules that electrocardiographic char- 
acteristics of an arrhythmia should follow if delayed 
afterdepolarizations are responsible for the ar- 
rhythmia. 


Characteristics of Delayed Afterdepolarizations 
A. Digitalis-Induced Afterdepolarizations 


These characteristics have been studied by several 
groups of investigators using either acetylstrophanth- 

idin or ouabain. Tissues studied include canine Purkinje 
. fiber!!-14 and specialized atrial fiber!5 and human 
atrium.'® Regardless of the tissue and the digitalis 
preparation, the characteristics of the delayed after- 
depolarizations appear to be similar. When tissues are 
exposed to a toxic concentration of digitalis there is a 
decrease in the resting membrane potential and an in- 
crease in the slope of phase 4 depolarization that on 
cessation of the basic drive stimulus can result in the 
onset of an automatic rhythm or the production of de- 
layed afterdepolarizations, or both. 

The delayed afterdepolarizations have the following 
characteristics: First, during a constant drive over a 
wide range of stimulus cycle lengths (about 400 to 800 
ms), the cycle length of the delayed afterdepolarization 
is approximately equal to the drive cycle length. The 
coupling of each afterdepolarization to the preceding 
basic drive is such that afterdepolarizations attain peak 
amplitude at about the same time that each new drive 
cycle is initiated. It has previously been shown that 
slight variations in afterdepolarization amplitude occur 
frbm one cycle to the next; these variations can result 
in variations in conduction velocity for the basic drive 
from one beat to the next. At drive cycle lengths of about 
1,000 ms or more, the coupling of the delayed after- 
depolarizations to each basic drive beat is such that they 
usually attain peak amplitude slightly before the next 


drive arises. In contrast, at drive cycle lengths of ap- 
proximately 300 to 400 ms or less, afterdepolarizations 
usually are not seen during maintenance of the drive 
and are seen only if the drive cycle length is suddenly 
increased or the drive is discontinued. In this situation, 
the coupling interval of the delayed afterdepolarization 
is longer than the drive cycle length (that is, more than 
300 to 400 ms). 

In many instances, when the drive is interrupted, 
two or more delayed afterdepolarizations may occur 
in sequence (Fig. 2). These have the following charac- 
teristics: Over a wide range of drive cycle lengths, the 
coupling interval of the initial afterdepolarization in the 
sequence to the action potential that precedes it is de- 
termined by and bears a consistent mathematical 
relation to the cycle length of the dominant rhythm. The 
second delayed afterdepolarization in the sequence has 
a coupling interval measured from the preceding action 
potential upstroke that is approximately two times that 
of the initial delayed afterdepolarization. If one analyzes 
the respective amplitudes of delayed afterdepolariza- 
tions occurring in a sequence, it appears that the first 
delayed afterdepolarization is equal to or greater than 
the second in amplitude at cycle lengths of 500 to 700 
ms or more (Fig. 3). At shorter cycle lengths, the am- 
plitude of the first delayed afterdepolarization in the 
sequence decreases; that of the second increases. If the 
drive cycle length is gradually decreased from ap- 
proximately 1,000 ms, the amplitude of the delayed 
afterdepolarizations will increase (Fig. 3) and, at a 
critical cycle length, the delayed afterdepolarizations 
can attain threshold potential and initiate bursts of 
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FIGURE 2. Characteristics of delayed afterdepolarizations: Purkinje 
fiber superfused with ouabain (2 X 1077 M) for 30 minutes. Cycle length 
= 630 ms. On discontinuation of the drive (solid arrow) there are three 
afterdepolarizations in sequence, each of diminishing magnitude. There 
is no further electrical activity until reinstitution of the drive (open arrow), 
at which time the magnitude of the delayed afterdepolarizations in- 
creases with each cycle, reaching a peak at between four and six cy- 
cles. The cycle lengths of the delayed afterdepolarizations are such 


that they are approximately equal to the drive cycle length. (Reprinted 
by permission, from Rosen et al. 1°) 
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tachyarrhythmia. It is our experience—and apparently 
that of others!^—that delayed afterdepolarizations are 
most likely to attain threshold potential and initiate 
single propagated beats or runs of tachyarrhythmias 
when the drive cycle length is about 500 to 700 ms. 

Another factor that modifies the amplitude of de- 
layed afterdepolarizations and their ability to attain 
threshold potential is the number of impulses that 
have occurred at a given cycle length. If drive cycle 
length is decreased, then over several cycles delayed 
afterdepolarization amplitude will increase, reaching 
a peak in 4 to 10 cycles (in Fig. 2, for example, after a 
period of quiescence four drive cycles are required be- 
fore peak amplitude of afterdepolarizations occurs). 
From that point on, magnitude does not increase, al- 
though it may vary to some extent from one cycle to the 
next. 

When the basic drive rate is held constant, the oc- 
currence of a single spontaneous or induced premature 
beat induces delayed afterdepolarizations of greater 
magnitude than those seen during the basic drive cycle 
(Fig. 4A). If of sufficient magnitude, these afterdepo- 
larizations will attain threshold and result in one or 
more premature depolarizations. A delayed after- 
depolarization resulting from a single ectopic impulse 
will have a different coupling relation to the dominant 
R-R interval from the one that would occur if the ec- 
topic cycle length were dominant. This is illustrated in 
Figure 4B. Curves 1A and 1B show the delayed after- 
depolarization cycle length for the first (1A) and second 
(1B) delayed afterdepolarizations in a sequence that 
occurred when the dominant cycle length was main- 
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FIGURE 3. Relation of the amplitude (amp) and cycle length (CL) of the 
first two delayed afterdepolarizations (DAD) in a sequence to the drive 
cycle length (BCL) for a Purkinje fiber. Open circles, first delayed af- 
terdepolarization; solid circles, second delayed afterdepolarization. 
See text for discussion. 


1276 


tained for 15 beats and then discontinued briefly. 
Curves 2A and B show the effect of interrupting the 
dominant cycle after 15 beats by a single premature 
depolarization having a cycle length of 200 ms. Although 
a linear relation occurs, its slope is different from that 
of the dominant cycle at cycle lengths greater than 350 
ms. The premature beat occurring at a cycle length of 
200 ms has decreased the cycle length of the delayed 
afterdepolarization, but the decrease is less than it 
would have been had the dominant cycle length been 
200 ms (see curve 1B). Curve 3 shows that at a dominant 
cycle length of 600 ms, interruption of the dominant 
rhythm by a series of ectopic impulses having cycle 
lengths of 270 to 500 ms only minimally displaces the 
delayed afterdepolarization cycle. At premature depo- 
larization coupling intervals of 200 to 270 ms, the curve 
showing delayed afterdepolarization cycle length is 
displaced. This Figure implies that, although a pre- 
mature depolarization will modify the subsequent de- 
layed afterdepolarization cycle length, this effect is not 
invariable (curve 3, cycle length 270 to 500 ms), and 
when it does occur, it may be with a slope that is inter- 
mediate between that determined by the drive cycle 
lengths and the ectopic cycle length (curve 2A). 

The coupling interval of the initial ectopic impulse 
induced by a delayed afterdepolarization is approxi- 
mately equal to the interval measured from the onset 
of a driven impulse and its afterdepolarizations. As a 
general rule, at a drive cycle length of 400 to 800 ms a 
single premature beat occurring as the result of an af- 
terdepolarization would be expected to arise relatively 
late in the cycle (that is, because the delayed after- 
depolarization reaches its peak at approximately the 
same interval as the basic drive, an ectopic impulse 
arising from its ascending limb and near its peak would 
occur almost simultaneously with the drive cycle and 
would be only slightly premature [Fig. 2 and 4A]). At 
longer cycle lengths, the coupling interval of the pre- 
mature impulse would probably decrease. After a single 
afterdepolarization-induced beat a “warm-up” phase 
may occur, generating a sequence of beats with a shorter 
cycle length than the inciting one. 


B. Delayed Afterdepolarizations Induced by Mechanisms 
Other than Digitalis 


Several years before digitalis-induced delayed af- 
terdepolarizations were described, Temte and Davis!? 
reported the occurrence of “enhanced diastolic depo- 
larization" and increased spontaneous rates in the 
presence of high extracellular calcium concentrations. 
Cranefield and Aronson!? described “slow response" 
action potentials occurring in normal cardiac Purkinje 
fibers in sodium-free superfusates, which generated a 
"triggered" rhythm that was attributed to delayed df- 
terdepolarizations. Delayed afterdepolarizations and 
triggered rhythms also occur in normal rabbit atrium!? 
on the atrial surface of the simian?? and canine?! mitral 
valve and the canine tricuspid?? valve and in canine 
coronary sinus.?? Finally, in diseased human atrial 
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tissues at low levels of membrane potential?* and in the 
human mitral valve, delayed afterdepolarizations 
often occur and are associated with tachyarrhyth- 
mias.?! 

The descriptions of afterdepolarizations that occur 
in these situations and their associations with tachy- 
arrhythmias are largely consistent with those described 
for digitalis. However, there are some differences in 
relation to the delayed afterdepolarizations that occur 
normally in tissues such as coronary sinus. (1) These 
appear to occur singly rather than in sequence; that is, 
a propagated action potehtial is followed only by one 
delayed afterdepolarization rather than by two or more. 
(2) These afterdepolarizations do not have the same 
cycle length dependence as that demonstrated for af- 
terdepolarizations in digitalis-toxic Purkinje or atrial 
fibers or in diseased human atrial fibers. Rather, as cycle 
length decreases, the afterdepolarizations maintain a 
relatively fixed relation to the preceding action poten- 
tial. Their amplitude, nonetheless, increases with de- 
creasing drive cycle length (Wit A., personal commu- 
nication). 


Cellular Electrophysiologic Rules and Data 
Analysis of the Electrocardiograms 
Arrhythmias due to afterdepolarizations in the 
intact heart: One problem encountered when at- 


tempting to relate delayed afterdepolarization-induced 
beats to cardiac arrhythmias is determining the extent 
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to which those oscillations occurring in isolated cardiac 
fibers actually occur in the intact heart. That the con- 
centration of digitalis preparations used in isolated 
tissue studies exerts comparable effects on both isolated 
Purkinje fibers and those in the hearts of intact dogs 
with digitalis-induced cardiac arrhythmias was shown 
by Rosen and Gelband.!! Rosen et al.?9 also showed that 
delayed afterdepolarizations occurred in Purkinje fibers 
exposed to toxic concentrations of ouabain that resulted 
in cardiac arrhythmias but not in death. That ar- 
rhythmias induced by digitalis in intact animals can be 
explained by delayed afterdepolarizations as opposed 
to other mechanisms has been demonstrated by 
Wittenberg et al.?’ and by Zipes et al.?8 Finally, that 
delayed afterdepolarizations can occur in diseased 
human cardiac tissues not exposed to digitalis has been 
demonstrated in the human atrium by Mary-Rabine et 
al.,24 in the human mitral valve by Wit et al.?5 and in 
human Purkinje tissue by Danilo and Reder (personal 
communication). 

From these data, it would appear that any clinical 
cardiac arrhythmia that is induced by delayed after- 
depolarizations should occur, in some instances, when 
digitalis toxicity is either suspected or proved and, in 
other instances, when tissue damage has been induced 
either by disease or by some form of trauma. 

Clinical junctional escape rhythm preceded by 
a long pause: Another problem in the consideration of 
accelerated junctional escape is to understand how a 
cellular mechanism that gives rise to an apparently 
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FIGURE 4. A, effect of a single premature depolarization on delayed afterdepolarization amplitude. This Purkinje fiber is being driven at a basic 
cycle length (BCL) of 0.6 s. Upper panel, after discontinuation of the drive, the delayed afterdepolarization amplitude is 9 mV and its cycle length 
is 0.68 s. Lower panel, the induction of a premature depolarization (the fifth beat in the sequence (S;), occurring at a coupling interval of 0.46 s) 
results in a larger delayed afterdepolarization (11 mV in amplitude), which is again coupled at a cycle length of 0.68 s (broken line in inset). Maximal 
diastolic potential (MDP) = —80 mV; only lower portions of action potentials are shown. B, relation between the basic drive cycle, single premature 
depolarizations and cycle length (CL) of delayed afterdepolarizations (DAD). Solid circles indicate the relation of delayed afterdepolarization cycle 
length (vertical) to basic cycle length (horizontal) after steady drive at progressively diminishing basic cycle lengths. Curves 1A and 1B are, respectively, 
the first and second delayed afterdepolarizations in a sequence. In 2A and 2B the basic cycle lengths in 1A and 1B have been interrupted by a single 
premature depolarization that always occurs at a cycle length of 200 ms regardless of the basic cycle length. For curve 3, the preparation is driven 


at a constant basic cycle length of 600 ms and interrupted by single premature depolarizations having the cycle lengths indicated by the horizontal 
axis. See text for discussion. 
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"triggered" arrhythmia might be associated with a 
clinical rhythm in which a relatively long pause (the 
manifest escape cycle) occurs before the junctional 
rhythm. The occurrence of such a long pause might 
seem to rule out any association between the clinical 
rhythm and the proposed cellular mechanism. However, 
as shown in Figure 2, this is not the case. 

If the first afterdepolarization in the sequence in 
Figure 2 were to attain threshold, one would expect the 
escape interval to be relatively short, that is, about equal 
to the drive cycle length. However, if it is the second 
afterdepolarization that attains threshold, the interval 
would be quite long (approximately twice that of the 
first). 

Rules to describe characteristics of clinical 
rhythms: On the basis of the preceding observations, 
we developed the following rules to describe the char- 
. acteristics of clinical rhythms that might be the result 
of delayed afterdepolarizations: 

Rule 1. There should be a consistent and definable 
relation between the occurrence of an afterdepolari- 
zation-induced beat and the duration of the preceding 
cycle or cycles so that the shorter the preceding cycle 
length, the more likely an afterdepolarization-induced 
impulse. 

In other words, the faster the sinus rate, the more 
likely it is that an arrhythmia (one or more ectopic 
beats) will occur. The data analysis would show a pre- 
ponderance of arrhythmias at fast heart rates, and the 
dominant rhythms seen would be sinus tachycardia or 
normal sinus rhythm, or both, with little or no sinus 
bradycardia. The data of Ferrier et al.!* suggest that the 
peak incidence of arrhythmias (at least in the presence 
of digitalis toxicity) should occur at a cycle length of 
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approximately 600 ms. In contrast, discussions of the 
mechanisms responsible for reentry suggest that the 
latter apparently is relatively equally distributed among 
patients with accelerated, normal and slow heart 
rates.29-°3 As for automatic rhythms that can be sup- 
pressed with overdrive and presumably are induced by 
the iy, mechanism, these would be most apparent at 
slow heart rates and least apparent at fast rates. 

Rule 2. There should be a consistent and definable 
relation between the dominant cycle length and the 
duration of the manifest escape interval, and between 
the manifest escape interval'and the cycle length of the 
arrhythmia. This relation is as follows: The manifest 
escape interval should be conditioned by the dominant 
R-R interval. Thus, as the dominant R-R interval de- 
creases, so should the manifest escape interval. Further, 
the manifest escape interval should condition the true 
junctional rhythm. Hence, as the manifest escape cycle 
length decreases, so should the true junctional cycle 
length. 

Rule 3. The R-R interval for an early ectopic beat 
(for example, an atrial or ventricular premature de- 
polarization that occurs at an interval of less than 
approximately 75 percent of the dominant cycle) that 
interrupts the sinus cycle and initiates the accelerated 
junctional escape mechanism may be variable and 
have no consistent relation to the preceding dominant 
R-R interval. As shown in Figure 3, the coupling of 
delayed afterdepolarizations to the preceding basic 
drive is such that they would be expected to attain peak 
amplitude and initiate an impulse late in the cycle. 
Ectopic impulses occurring early in the cycle might be 
expected to be due to some other mechanism. Our pa- 
tient data revealed that the ectopic impulses occurred 
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FIGURE 5. Dominant R-R intervals for all 55 patients (A) and for the 27 patients taking digitalis (B). CL — cycle length. 
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almost without exception at intervals of less than 75 
percent of the sinus cycle length, and we inferred that 
those impulses were not the result of delayed after- 
depolarizations. This is the basis for stating Rule 3 as 
it appears earlier: that is, that the ectopic beat may re- 
sult from a mechanism other than delayed afterdepo- 
larizations, such as reentry or automaticity, and thereby 
may serve only to interrupt the sinus cycle and permit 
the delayed afterdepolarization mechanism to ensue. 
Nonetheless, if an ectopic beat occurs, it should have 
an effect on the duration of the manifest escape cycle. 
This is because the ectopic beat occurring at a cycle 
length shorter than the dominant cardiac cycle will in- 
duce a larger afterdepolarization at a shorter coupling 
interval than that seen during the sinus cycle. However, 
for the reasons described in Figure 4B, this relation may 
be difficult to identify. 

Rule 4. There may be a tendency for the true Junc- 
tional rhythm to accelerate over one or several cycles. 

To determine whether these characteristics of de- 
layed afterdepolarizations were met and satisfied by the 
electrocardiographic records studied, data were iden- 
tified as an independent variable (such as dominant 
R-R interval) or a dependent variable (in some in- 
stances, manifest escape interval and, in all instances, 
true junctional rate). Regression equations were cal- 
culated and correlation coefficients determined.** There 
are two problems with the regression equations as de- 
rived here. First, the relations described by a regression 
equation are valid only for the ranges of independent 
variables in the observed data. In the case of the mul- 
tiple regression in our study this restriction is on a 
“class” basis, which means that the analysis applies only 
to the R-R interval range for each rhythm class. Second, 
the independent variable should be measured with 
“infinite” precision. In instances when three or four 
digits are available from the measurements, this re- 
striction is not a significant factor. In our study caliper 
measurements of R-R intervals on the electrocardio- 
graphic strip-chart paper leave us with at best two 
decimal accuracy. However, the effect of this or of a 
random error in R-R interval measurement on the 
analysis should be minimal in light of the high levels of 
significance and correlation found. 


Results 


Dominant R-R intervals: Figure 5A shows the 
dominant R-R interval for all 55 electrocardiograms 
included in the study. For all patients the median 
dominant R-R interval was 680 ms (range 440 to 920). 
Sixteen of the 55 patients had a dominant R-R interval 
of 600 ms or less and 39 had an R-R interval greater 
than 600 but less than 1000 ms. In other words, 29 per- 
cent had sinus tachycardia, 71 percent had normal sinus 
rhythm and none had sinus bradycardia. Figure 5B 
shows data for those patients who were taking digitalis. 
In this subgroup of 21 patients, 48 percent had sinus 
tachycardia and 52 percent had normal sinus rhythm. 
The patients taking digitalis, then, had significantly 


faster heart rates than the rest of the group (p «0.001, 
Mann-Whitney U test). 

We used two way analysis of variance to analyze the 
manifest escape interval against both the dominant 
R-R interval and the administration of digitalis. Our 
results showed that the escape interval was not in- 
fluenced by digitalis; only the effect of the dominant 
R-R interval on the escape interval was significant (p 
« 0.001). Whether the relatively greater sinus tachy- 
cardia in the presence of digitalis was the result of a 
toxic effect of digitalis, of minimal congestive heart 
failure or of some other factor could not be ascertained. 
Nonetheless, these data suggest that only the dominant 
R-R interval is the conditioner of the manifest escape 
interval and that digitalis (or the condition of the pa- 
tients who were given digitalis) acts as a modifier by 
significantly shortening the dominant R-R interval. We 
also made a two way analysis of variance for the true 
junctional rhythm against both the dominant R-R in- 
terval and the administration of digitalis. The conclu- 
sions reached were identical to those for manifest es- 
cape: the dominant R-R interval conditioned the true 
junctional cycle length and digitalis had no significant 
effect above and beyond this. 

Relation of the manifest escape interval to the 
dominant R-R interval (Fig. 6): The assumption 
tested here is that if afterdepolarizations are responsible 
for this arrhythmia, then the shorter the dominant R-R 
interval, the shorter should be the manifest escape in- 
terval. The correlation coefficient (r) for this relation 
is 0.548 (p <0.001). Although this p value is significant, 
the correlation coefficient is rather low because of the 
great deal of scatter within the group (Fig. 6). We as- 
sumed that this scatter might occur because the dif- 
ferent ectopic impulses that interrupt the dominant 
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FIGURE 6. Relation of manifest escape interval (ESC. INT.) to dominant 
R-R interval for all 55 patients. Solid circles represent data from one 
patient; open circles represent data from two patients. For this group, 
correlation coefficient r = 0.548, p <0.001. Escape interval = 0.8813 
X dominant R-R interval + 235.89 (standard error [ SE] of coefficient 
= 0.1846). 
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FIGURE 7. Relation of manifest escape interval (Esc Int) (vertical axis) 
to dominant R-R interval (horizontal axis) for all patients with atrial 
premature depolarizations. Triangles and broken line B represent 
patients with blocked atrial premature depolarizations. Open and solid 
circles are data for, respectively, one and two patients with conducted 
atrial premature depolarizations. Line C represents patients with 
conducted atrial premature depolarizations. For atrial premature beats 
with block, manifest escape interval = 294.1 + 1.056 X R-R interval 
(r = 0.72, p <0.01, SE of coefficient = 0.4189). For conducted atrial 
premature beats, escape interval = 91.5 + 0.9451 X R-R interval (r 
= 0.72, p <0.03, SE of coefficient = 0.2285). 


R-R interval and precede the manifest escape interval 
(that is, atrial premature depolarizations, atrial pre- 
mature depolarizations that are blocked, ventricular 
premature depolarizations and other rhythms) might 
have consistent intragroup relations to the dominant 
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FIGURE 8. Relation of manifest escape interval (ESC. INT.) to dominant 
R-R interval for patients with ventricular premature depolarizations. 
Correlation coefficient r = 0.86; p «0.001. Escape interval = 1.314 
X dominant R-R — 25.86 (SE of coefficient — 0.2135). 


R-R interval that nonetheless differ from one group to 
another. For this reason, we divided the overall group 
into three subgroups: those with atrial premature de- 
polarizations (with or without block), those with ven- 
tricular premature depolarizations and those with other 
rhythms. 

We first analyzed data in the 10 patients with 
blocked and the 18 with conducted atrial premature 
depolarizations. We used a stepwise regression to test 
manifest escape interval against the presence of blocked 
or conducted atrial premature depolarizations (Fig. 7). 
The only difference between the blocked and conducted 
atrial premature depolarizations is in their timing; that 
is, the slopes relating manifest escape to dominant R-R 
intervals for both rhythms are nearly parallel. To de- 
termine that the slopes were parallel we performed a 
multiple regression analysis using the data in the two 
independent regression equations in Figure 7. For the 
multiple regression, r — 0.87 and the slope of the re- 
gression line — 0.98. This slope did not differ signifi- 
cantly from the slopes of lines B and C. Hence, the only 
effect of a blocked atrial premature impulse on the 
junctional rhythm is to shift the curve upward and to 
the left (for example, at an R-R interval of 730 ms, the 
manifest escape interval after conducted atrial pre- 
mature beats would be approximately 750 ms and after 
blocked atrial premature beats, 1,050 ms). The manifest 
escape interval after both conducted and blocked atrial 
premature depolarizations has the same dependence 
(that is, slope) on heart rate (r = 0.72 for each, p 
« 0.01). 

We then analyzed data in the 14 patients with ven- 
tricular premature depolarizations (Fig. 8). The rela- 
tion here was significant (r = 0.86, p <0.001). The same 
type of analysis performed in the patients with “other” 
arrhythmias (including Wenckebach periodicity of A-V 
conduction, slowing of sinus pacemaker rate, junctional 
premature depolarizations, ventricular tachycardia and 
sinoatrial slowing) revealed no significant rate-depen- 
dence (p <0.41). This lack of correlation does not nec- 
essarily indicate the absence of a relation between some 
or all of those rhythms and the manifest escape interval. 
It may merely indicate that insufficient numbers of each 
of the arrhythmias that compose the “other” group were 
available for study and that the characteristics (or 
slopes) of the relation differ sufficiently from one 
rhythm to the next as to make it appear as if there were 
no relation. 

Summarizing the data on manifest escape, we can 
say that the manifest escape interval is predictable if we 
know heart rate (that is, the dominant R-R interval) 
and rhythm (blocked atrial premature depolarization, 
conducted atrial premature depolarization, ventricular 
premature depolarization, other). Digitalis does not 
alter the relation directly but does influence the domi- 
nant R-R interval. Whether this effect is due to digitalis 
toxicity, congestive heart failure or another variable has 
not been determined. The dependence on heart rate is 
similar for all atrial premature depolarizations (blocked 
and conducted). Ventricular premature depolarizations 
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tend to have a different rate-dependence than do atrial 
premature depolarizations. 

The relation between the true junctional rhythm 
(28 patients) and the manifest escape interval (Fig. 
9): The correlation coefficient here initially was 0.72 (p 
« 0.001). However, the data for one electrocardiogram 
(Case 34) appeared inconsistent with respect to data in 
the remainder of the group (Fig. 10). If the data in this 
case are excluded, then r = 0.90. This high correlation 
would be expected from deductive analysis of the rela- 
tion of the manifest escape interval to the true junc- 
tional rhythm.!? Analysis' of true junctional rate as a 
function of the dominant R-R interval also showed a 
significant association (r = 0.63; p <0.01). 

Relation between dominant and ectopic R-R 
intervals and manifest escape: We then determined 
whether the dominant R-R interval in any way modi- 
fied the cycle lengths of single ectopic beats. We as- 
sumed that there would be no relation because of the 
possibility of differing causes of the ectopic beats, and 
no correlation was seen. There was, as expected, a 
relation between the coupling interval of the ectopic 
beats and the subsequent manifest escape cycle. This 
was anticipated because the short coupling interval of 
the premature beat should result in an afterdepolari- 
zation's having a larger magnitude and a shorter coup- 
ling interval than the dominant cycle. However, as ex- 
pected from the graph shown in Figure 4B, the relation 
was complex and not immediately discernible. When 
the entire group of ectopic beats (atrial, ventricular and 
other) was analyzed with ectopic coupling interval as 
the independent variable and manifest escape cycle as 
the dependent variable, no correlation was apparent. 
We assumed that this might be due in part to scatter 
among the various groups of patients and in part to the 
complex relation between dominant and ectopic cycles 
in modifying delayed afterdepolarization cycle length, 
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FIGURE 9. Relation of true junctional (JUNCT.) R-R interval to manifest 
escape interval (ESC. INT.). True junctional R-R = 234.0 + 0.6924 X 
escape interval. SE of coefficient = 0.1292, r = 0.72, p <0.001. 


as reviewed in Figure 4B. For this reason we reexamined 
data for all patients with ventricular and with atrial 
premature depolarizations (blocked and conducted) 
separately. For those patients with ventricular prema- 
ture depolarizations, the regression equation for ectopic 
R-R interval (independent variable) and escape interval 
(dependent variable) was Y = 482.6 — 0.95 X. The cor- 
relation coefficient was 0.63 (p «0.05). 

The data for patients with atrial premature depo- 
larizations are reviewed in Figure 10A. By means of the 
Newman-Keuls range test, data from seven patients 
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FIGURE 10. A, relation of manifest escape interval (Esc Int) to ectopic (Ect) R-R interval for patients with atrial premature depolarizations. Symbols 
as indicated on the figure. The triangles represent the seven values that are outliers. Escape interval = —83.3 + 2.619 X ectopic R-R (SE of coefficient 
= 0.5024, r = 0.8, p <0.03). B, relation of manifest escape and dominant R-R intervals to ectopic R-R interval for the seven outliers in A. Vertical 
axis — both manifest escape and dominant R-R intervals. Horizontal axis — ectopic R-R intervals. See text for discussion. 
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with identified as outliers. For the remainder there was 
a good correlation (r = 0.8; p <0.001) between the ec- 
topic R-R interval and the manifest escape cycle. Figure 
10A shows that for the seven outliers there is an ap- 
parent linear relation between the ectopic R-R cycle 
length and the manifest escape cycle, although this is 
different from that of the remainder of the group. We 
chose to evaluate those outliers in light of the informa- 
tion on dominant and ectopic cycle length influences on 
delayed afterdepolarizations presented in Figure 4B. 
In Figure 10B we have plotted the data for escape in- 
terval versus ectopic R-R interval for the seven outliers 
only. Accompanying each data point is a thin line, whose 
peak identifies the dominant R-R interval for each 
outlier. For five of the seven outliers the cycle length of 
the manifest escape interval coincides with or is less 
than the dominant cycle length. In other words, in these 
five cases (as in curve 3 of Fig. 4B) the ectopic coupling 
interval and the dominant R-R cycle appear to have 
, established a “window” that encompasses the escape 
interval. Whereas for most of the patients the ectopic 
R-R interval appears to have been the more prominent 
factor conditioning the escape interval, for those five 
outliers the dominant R-R interval appears to have 
been more prominent. Of the two remaining outliers (at 
right in Fig. 10B), one occurs at precisely twice the ec- 
topic coupling interval. This would be consistent with 
the second delayed afterdepolarization in a sequence 
inducing an impulse. The final outlier is at a cycle length 
slightly greater than the dominant R-R interval. As 
shown in curve 3 of Figure 4B, this, too, can happen with 
delayed afterdepolarizations. 


Discussion 


'The purpose of this study has been to apply rules 
generated by observations of delayed afterdepolariza- 
tions to electrocardiographic intervals in accelerated 
junctional escape rhythms. In the discussion, we will 
review each of the rules described earlier and estimate 
whether the clinical arrhythmia follows these rules. 

Rule 1: There should be a consistent and definable 
relation between the occurrence of an afterdepolariza- 
tion-induced beat and the preceding cycle or cycles so 
that the shorter the preceding cycle length, the more 
likely an afterdepolarization-induced impulse. In other 
words, the faster the sinus rate and the shorter the sinus 
cycle length, the more likely it is that an arrhythmia will 
occur. The peak incidence of the arrhythmia should be 
at a cycle length of approximately 600 ms.!! This re- 
quirement is met by accelerated junctional escape 
rhythms. Sixteen (29 percent) of the total number of 
patients studied had a heart rate greater than 100 
beats/min and 39 patients (71 percent) had a heart rate 
greater than 90 beats/min. The slowest heart rate (65 
beats/min) was seen in only two patients. 

Rule 2: There should be a consistent and definable 
relation between the dominant cycle length and the 
duration of the manifest escape interval and between 
the manifest escape cycle and the cycle length of the 


arrhythmia. Figures 6 and 9 show that there is a close 
correlation between the manifest escape cycle, domi- 
nant R-R interval and the true junctional rhythm. 

Rule 3: The R-R interval for an ectopic beat 
(whether atrial or ventricular) that interrupts the sinus 
cycle and that initiates the accelerated junctional escape 
may be variable and have no consistent relation to the 
preceding dominant R-R interval. In fact, there was no 
consistent relation between the dominant R-R interval 
and the coupling interval for a premature beat. How- 
ever, as stated in Rule 3, there should be a relation be- 
tween the ectopic R-R interval and the manifest escape 
cycle. This would result from a shorter coupling interval 
for the ectopic beat inducing an afterdepolarization of 
larger magnitude and a shorter cycle length than that 
seen during the dominant rhythm. This relation be- 
tween the ectopic R-R interval and the manifest escape 
interval is demonstrated in Figure 10. 

Rule 4: There may be a tendency for the ectopic 
rhythm to warm up (that is, for true junctional rate to 
increase over the manifest escape interval). As a result, 
the true junctional cycle length would usually be ex- 
pected to be equal to or shorter than the manifest escape 
interval. In fact, among the 25 patients in whom we 
could measure both the manifest escape and true 
junctional rates, 19 showed the true junctional cycle 
length to be less than or equal to the manifest escape 
interval (see individual patient data on Table I). 

Evidence concerning reentry as a mechanism of 
delayed afterdepolarizations: In summary, the cel- 
lular mechanisms for generation of delayed afterdepo- 
larizations and the rules derived from them can explain 
the accelerated junctional escape rhythm. The major 
argument against reentry as a mechanism is the ten- 
dency of the arrhythmia to occur primarily at slightly 
increased cardiac rates. Reentrant arrhythmias have 
been shown to occur over a wider range of cardiac cycle 
lengths.?9-3? Hence, we would expect to see a more equal 
representation of long, intermediate and short domi- 
nant cycle lengths if reentry were important. Moreover, 
the maximal occurrence of accelerated junctional escape 
is at those cycle lengths identified by Ferrier et al.!4 as 
being most likely to induce ectopic beats. Nonetheless, 
the demonstration of cycle length-dependency in this 
study does not rule out reentry as a mechanism. For any 
individual patient, such as Patient 34 (Table I, Fig. 9), 
reentry might well be the mechanism responsible for the 
arrhythmia. However, for the group of patients we have 
presented a plausible alternative to reentry in the 
genesis of accelerated junctional escape. 

Evidence concerning automatic mechanisms for 
accelerated junctional escape rhythm: Our results 
appear to rule out normal (that is, overdrive-suppress- 
ible) automatic mechanisms, such as those induced by 
the ix, current’ in cardiac fibers, in the induction of 
accelerated junctional escape rhythm. This is because 
such automatic rhythms are suppressed by overdrive 
and, hence, should be most frequently seen in the 
presence of sinus bradycardia and least seen during 
sinus tachycardia. That our patient population had a 
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dominant R-R interval that clustered about a cycle 
length of 600 ms (Fig. 5A) rather than at a much longer 
cycle length argues against an overdrive-suppressible 
mechanism. If overdrive-suppressible automaticity were 
responsible, we would expect to see a peak incidence at 
a cycle length of 1,000 ms or longer. 

We are not able to differentiate afterdepolariza- 
tion-induced arrhythmias from the type of abnormal 
automaticity that has recently been described. Pre- 
liminary studies by one of us (B.F.H.) have suggested 
that abnormal automaticity is very similar in certain of 
its aspects to delayed afterdepolarizations. For example, 
at relatively short cycle lengths the generation of ab- 
normal automaticity can be expected to give rise to an 
accelerated rhythm. Moreover, this rhythm—in terms 
of its cycle length dependency—is similar or identical 
to the delayed afterdepolarization. This suggests that, 
although mechanisms for delayed afterdepolarizations 
have been well worked out, there probably is some 
overlap in mechanism between the delayed afterdepo- 
larization and abnormal automaticity and that ulti- 
mately what we have presented here as an afterdepo- 


larization-induced mechanism may turn out to be ab- 
normal automaticity. Unfortunately, this cannot be 
clarified further until the cellular mechanisms for so- 
called “abnormal” (that is, not overdrive-suppressible) 
automaticity are more completely described. 

Implications of study: We have explored whether 
a recently described cellular electrophysiologic mech- 
anism is a good descriptor of a clinical cardiac ar- 
rhythmia. We have concluded that the answer to this 
question is “yes”: The occurrence of accelerated junc- 
tional escape can be explained readily by the rules for 
delayed afterdepolarizations developed from cellular 
electrophysiologic studies. However, we have not been 
able to exclude other mechanisms with any degree of 
finality. As a result, although our study provides an 
argument for a specific mechanism it also emphasizes 
the need for further study of the associations between 
clinical arrhythmias and their underlying cellular 
mechanisms. Such study is necessary if we are to un- 
derstand the causes of these arrhythmias and develop 
logical and consistently effective means for their 
treatment. 
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CORGARD: OFTEN EFFECTIVE WITHOU 
A DIURETIC tn 114 hypertensive patients, Corgard, 
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overall reduction in blood pressure in 94% of the patients— 
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CORGARD® TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic 
receptor blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater 
than first degree conduction block, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 

WARNINGS: Cardiac Failure— Sympathetic stimulation may be a vital 
component supporting circulatory function in congestive heart failure, and its 
inhibition by beta-blockade may precipitate more severe failure. Although 
beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, 
continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give 
diuretics, and closely observe response, or discontinue nadolol (gradually if 
possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, 
myocardial infarction have occurred after abrupt discontinuation of such 
therapy. When discontinuing chronic use of nadolol, particularly in patients 
with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
riod and carefully monitor the patient. Reinstitute nadolol promptly (at 
east temporarily) and take other measures appropriate for management of 
unstable angina if angina markedly worsens or acute coronary insufficiency 
develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy 
abruptly even in patients treated only for hypertension. 




















Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA-BLOCKERS. Administer nadolol with caution since it 
may block bronchodilation produced by endogenous or exogenous 
catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to 
respond to reflex stimuli and may increase risks of general anesthesia and 
surgical procedures, resulting in protracted hypotension or low cardiac out- 
put, it has generally been suggested that such therapy should be withdrawn 
several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterenol, dopamine, dobutamine, or levartere- 
nol can reverse the effects of nadolol. Difficulty in restarting and maintaining 
the heart beat has also been reported with beta-adrenergic receptor blocking 
agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the 
appearance of premonitory signs and symptoms (e.g., tachycardia and blood 
ressure changes) of acute hypoglycemia. This is especially important with 
abile diabetics. Beta-blockade also reduces release of insulin in response to 
ay perglycemia; therefore, it may be necessary to adjust dose of antidiabetic 

rugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs 
(e.g., tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta- 
adrenergic blockade which might precipitate a thyroid storm, carefully 
manage patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with 
caution in presence of either of these conditions (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients — Warn patients, especially those with evidence 
of coronary artery insufficiency, against interruption or discontinuation of 
nadolol without physician's advice. Although cardiac failure rarely occurs in 
properly selected patients, advise patients being treated with beta-adrenergic 
Ra ins agents to consult physician at first sign or symptom of impending 

ailure. 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may 
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have an additive effect when given with beta-blocking agents. When treating 
patients with nadolol plus a catecholamine-depleting agent, carefully observe 
for evidence of hypotension and/or excessive bradycardia which may produc 
vertigo, syncope, or postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years or: 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significar 
toxic effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did 
not produce neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at 
doses 5 to 10 times greater (on a mg/kg basis) than maximum indicated huma 
dose; no teratogenic potential was seen in any of these species. There are no 
well-controlled studies in pregnant wqmen; therefore, use nadolol in pregnan 
women only if potential benefit justifies potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in huma 
milk. Because many drugs are excreted in human milk, exercise caution wher 
nadolol is administered to a nursing woman. Animal studies showed that 
nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been establis 


ADVERSE REACTIONS: Most adverse effects have been mild and transient 
and have rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per 
minute occurs commonly, and heart rates below 40 beats per minute and/or 
symptomatic bradycardia were seen in about 2 of 100 patients. Symptoms o! 
peripheral vascular insufficiency, usually of the Raynaud type, have occurre 
in approximately 2 of 100 patients. Cardiac failure, hypotension, and 
rhythm/conduction disturbances have each occurred in about 1 of 100 pa- _ 
tients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see 
also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). 
Central Nervous System — Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in 
approximately 6 of 1000 patients. 

Respiratory — Bronchospasm reported in approximately 1 of 1000 patients 
(see CONTRAINDICATIONS and WARNINGS). Gastrointestinal — 
Nausea, diarrhea, abdominal discomfort, constipation, vomiting, indigestior 
anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 patients. 
Miscellaneous — Each of the following reported in 1 to 5 of 1000 patients: 
rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased 
libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is nol 
clear, sleep disturbances have been reported. The oculomucocutaneous syn- 
drome associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with 
other beta-adrenergic blocking agents have not been reported with nadolol, 
they should be considered potential adverse effects of nadolol. Central Ner- 
vous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by 
disorientation for time and place; short-term memory loss, emotional lability 
with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic 
colitis. Hematologic — agranulocytosis; thrombocytopenic or nonthrom- E: 
bocytopenic purpura. Allergic — fever combined with aching and sore 
throat; laryngospasm; respiratory distress. Miscellaneous — reversible 
alopecia; Peyronie's disease; erythematous rash. 


OVERDOSAGE: Nadolol can be removed from the general circulation by 
hemodialysis. In addition to gastric lavage, employ the following measures < 
appropriate. In determining duration of corrective therapy, take note of lon; 
duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is 
no response to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has bee 
reported that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levartereno 
(There is evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta, -stimulating agent and/or a 
theophylline derivative. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol pe 
tablet in bottles of 100 and 1000. 
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This is Station 7 at Memorial 
City General Hospital in Hou- 
ston, Texas, where Abbott's 
new “ACS” Arrhythmia Cen- 
tral is helping unit staff in the 
anticipation and prevention 
of life-threatening cardiac 
events. 


While Station 7 is a gen- 
eral medical floor, many of 
the unit's patients are gradu- 
ates of the Critical Care Unit, 
since many arrhythmias be- 
gin recurring days after a pa- 
tient appears stable. Others 
monitored by the “ACS” are 
Post Op, or persons with 
suspected coronary prob- 
lems who are not ill enough 
to be considered as CCU 
candidates. 


In all cases, the 8-bed 
telemetry system watches for 
and trends arrhythmias that 
can foretell a possible, im- 
pending crisis. Treatment and 
drugs can be prescribed to 
reverse an arrhythmia pat- 
tern and block its recurrence. 


The conc.pt is working 
at Memorial City General. 
And Abbott’s new “ACS” 
brings sophisticated and ef- 
fective arrhythmia detection 
within practical reach of all 
hospitals, regardless of size. 







More detailed informa- 
tion is available free from: 
Abbott Medical Electronics 
8330 Broadway, 

P.O. Box 12696 
Houston, Texas 77017 


Station 7 patients are monitored 
by means of battery-powered 
telemetry transmitters. Arrhyth- 
mias are more likely to occur 
with mobile, rather than supine, 
patients. 





Ability to edit arrhythmia criteria if desired is a valuable feature of 
Abbott's ACS. Operator / System communication is via keyboard. 
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(potassium chloride) 
slow-release tablets 8 mEq 


When compliance with liquid K 
supplements is a problem* 


The test of time 


H. Mitchell Perry, M.D., recently 
summed up the current thinking on Slow-K: 

“There was some question in the 
beginning as to whether 
a tablet like Slow-K might 
induce ulceration of the 
kind that had been induced 
with earlier solid potassium 
tablets, but this has now 
been resolved and there is 
no real evidence that it 
does.” 


The test of taste 


A leading cardiology 
textbook clearly defines why 
Slow-K has won acceptance 
from more and more patients who require 
a potassium supplement: 

"All liquid potassium preparations are 
associated with some incidence of unpleas- 
ant side effects such as unpalatability, 
nausea, vomiting, abdominal cramps, and 
occasionally diarrhea." 

However, Slow-K “... appears to 
have greater patient acceptability than 
comparable doses of liquid potassium 
chloride compounds." 


Easier to take 


The convenience of Slow-K means 

better compliance. Many patients may 
“prefer to take four or six Slow-K tablets a 

day than an equal dosage of liquid 
potassium.’ Slow-K can be taken at 
mealtime — or anytime. There are no 
bottles to carry around, no measure- 
ments needed, and nothing to mix. 





Fewer GI problems 


In one comparative study, Slow-K 
caused less nausea, heartburn, and 
diarrhea than liquid KCI preparations.‘ 


The “salt of choice" 
(potassium chloride) 


Slow-K provides what 
The Lancet has called the 
“salt of choice""— potassium 
chloride—to correct the 
hypokalemic alkalosis that 
may result from long-term 
use of diuretics. 


*Slow-release potassium chloride tablets 
should be reserved for patients who cannot 
tolerate, refuse to take, or have compliance 
problems with liquid K preparations 
because of reports of GI ulceration and 
bleeding with slow-release KCI tablets (total 
number of GI lesions in both foreign countries 
and the United States remains less than 

one per 100,000 patient-years). The incidence of lesions with 

enteric-coated KCI tablets is 40-50 per 100,000 patient-years 
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SLOW-K 9 
(potassium chloride) slow-release tablets 


DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
Sium within the gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium 
is inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites; states of 
aldosterone excess with normal renal function; potassium-losing nephropathy, 
and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, and, if hypokalemia occurs, dietary supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg, spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. In these instances, potassium supplementation should be with a 
liquid preparation. 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics: Hypckalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium«itrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion. particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient. 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea, These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 

Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
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THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf£, MD, FACC 


Assoc. Professor of Cardiology, Heart Ifistitute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel Aviv — 
Sackler School of Medicine. 


Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 
The Pre-Excitation Syndrome. Here are just a few reasons why 
this is so essential: 


[] V^ of all pre-excitation cases are misdiagnosed. 

[J] 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

[] In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

(] Ys to % of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject.. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is broght a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson-White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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Small size and long duration (a week or more) makes 
this ECG recorder ideal for determination of causes 
of transient dyspnea, angina, cerebral ischemia, transient 
arrhythmias, and for cardiac rehabilitation programs. 


Simple playback of programmed and patient 
activated recordings directly into office ECG units. 
No scanning or data processing equipment required. 


Patient activated mode and voice recordings simplify 
detection of ECG abnormalities and accurate correlation with 
symptoms or activity being investigated. 
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If you wouldn't think of changing 
your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
maas.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LAsIX* brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients.**” 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success tn all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LASIx® that established 
the standard for furosemide performance. 
It is LAsIx* that is the subject of almost 
6,000 published papers. It is LAsIx* that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LASIx® that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need— 20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 
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Specify LASIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 
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LGSIX® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a nd diuresis 
with water and electrolyte depletion. , careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration anc 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving polos prar 
steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing h alemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected ropidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) _ 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients — higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
Sively or see parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may soe metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinyicholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 
tic use. 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
o renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema muttiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 


spasm, thrombophlebitis. 
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Provides the practicing physician with, in one handy source- 
book, ergometric fundamentals applicable to preventive 
and rehabilitative cardiology, pre- and post-operative diag- 
nosis, surgery, orthopedics, internal and industrial medicine 
as well as the growing field of sports medicine. 

CONTENTS: Physical and Biological Basis of Ergometry. 
Technical Development of the Ergometer. Suggestions To- 
ward Standardization of krgometric Measurement of Per- 
formance. Measurement and Evaluation of Maximal 
Ergometric Performance. Heart Rate in Ergometric Per- 
formance. Stroke Volume and Cardiac Output in Er- 
gometric Performance. The Oxygen Pulse in Ergometric 
Performance. Arterial Pressure in Ergometric Perfor- 
mance. Oxygen Consumption in Ergometric Performance. 
Minute Volume of Respiration in Ergometric Perfor- 
mance. The Ventilatory Equivalent in Ergometric Per- 
formance. CO? Production and Respiratory Quotient in 
Ergometric Performance. The Ergometric EKG. Central 
Circulatory Dynamics in Ergometric Performance. Addi- 
tional Performance Functions Applicable to Ergometric 
Diagnosis. Physiological Criteria of the Physical, Cardiac 
and Pulmonary Performance Limits. Computerized 
Ergometry. Ergometric Diagnostics in Preventive and 
Rehabilitative Cardiology. Ergometry in Compensation 
Evaluation. Summary of Practical Ergometry. Appendix. 
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“devoted to an excellent model for the study of myocard- 

ial and systemic myopathy ... The clinical course of the di- 

sease is well described and the manifestations of congestive 
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—American Heart Journal 
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The volume considers the development of the cardio- 
vascular system and concentrates on the origins and cate- 
gories of congenital cardiac malformations with regard to: 
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distribution by sex, embryology, and pathological anatomy, 
hemodynamic consequences, life expectancy, and cause of 
death. An ideal volume for all those involved in pediatric 
cardiology, neonatology, and perinatology. 
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Three patients complained of spontaneous and exertional chest pain, both 
associated with S-T segment depression in anterior electrocardiographic 
leads. In each, coronary spasm was demonstrated on coronary arteri- 
ography during a spontaneous attack of pain. Coronary arteriograms taken 
during exercise-induced angina did not show evidence of spastic ob- 
struction; this suggests that exercise-induced chest pain and S-T segment 
depression were secondary to the increase in oxygen requirements rather 
than to a sudden decrease in coronary blood flow. Thus, two pathogenetic 
mechanisms coexisting in the same patient may cause chest pain asso- 
ciated with subendocardial ischemia. 


Angina pectoris is the result of myocardial ischemia provoked by dis- 
turbance of the balance between coronary oxygen supply and myocardial 
oxygen demands.! Coronary spasm has been demonstrated to reduce 
abruptly coronary blood flow?? and to precipitate anginal attacks in most 
patients with Prinzmetal's variant angina*-? and in some patients with 
S-T segment depression during spontaneous chest pain.!°-!2 In contrast, 
exertional angina is considered to result from an excessive increase of 
metabolic demands in the presence of fixed restricted myocardial oxygen 
supply. However, this concept has been challenged by recent studies!3-16 
incriminating coronary spasm as the principal factor in the occurrence 
of exercise-induced angina. Recognition of the pathogenetic mechanism 
underlying the anginal attack is of crucial importance because it could 
lead to a more rational therapeutic approach.9.!7 

In this paper we report on three patients suffering from spontaneous 
and exertional angina associated with S-T segment depression. In these 
patients we were able to demonstrate during coronary arteriography that 
the chest pain and the electrocardiographic changes occurring at rest 
and during exercise were the result of two different pathogenetic 
mechanisms. 


Methods 
We studied three patients with a history of spontaneous and exercise-induced 
chest pain with no previous myocardial infarction. The clinical, electrocardio- 


graphic and angiographic data are briefly presented in the Case Reports sec- 
tion. 
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FIGURE 1. Case 1. A, electrocardiogram at rest 
(precordial leads) and control left coronary arterio- 
gram disclosing a 75 percent stenosis of the left an- 
terior descending coronary artery (arrow). B, during 
a spontaneous anginal attack associated with S-T 
segment depression in leads V4 to Ve, the left coro- 
nary arteriogram shows a more severe narrowing at 
the site of the organic stenosis. C, during exercise- 
induced chest pain with S-T segment depression in 
leads V3 to Ve, the left coronary arteriogram does not 
show evidence of coronary spasm. 
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A multistage supine bicycle exercise test was performed 
with an initial work load of 50 W and subsequent increments 
of 25 W every 3 minutes. Exercise was stopped when typical 
anginal pain, dyspnea or exhaustion developed. 

All patients underwent hemodynamic and angiographic 
evaluation. After premedication with 10 mg of diazepam, right 
and left heart pressures were measured. A left ventriculogram 
in the right anterior oblique projection was obtained in each 
patient. Selective coronary arteriography was performed using 
the Sones technique. An attack of pain associated with S-T 
segment depression in the precordial leads occurred sponta- 
neously in all three patients during the angiographic study, 
and selective injection of the left coronary artery was per- 
formed during the anginal attack. Twenty minutes after the 
coronary arteries were visualized in multiple views, the bicycle 
exercise test was repeated and coronary arteriograms were 
taken at the time of chest pain and electrocardiographic 
changes. 

Coronary spasm was considered documented? when the 
coronary segment was reduced in caliber or completely ob- 
structed in comparison with the initial angiographic appear- 
ance. An occlusion of the left anterior descending artery was 
considered proximal when it was located between the origin 
of the artery and the first septal branch. The portion of the 
left anterior descending artery leading from the first septal 
branch to the second diagonal branch was considered the 
mid portion of the artery and the segment of vessel beyond the 
second diagonal branch was considered the distal portion of 
the vessel. 

Drug therapy, which included administration of nifedipine 
and nitrates, was stopped 12 hours before the study. No pa- 
tient was receiving beta adrenergic blocking agents. Informed 
consent was obtained from each patient. The procedure 
caused no complications in any patient. 


Case Reports 


Case 1 (Fig. 1): A 47 year old man had a 2 year history of 
chest pain. The attacks generally occurred at rest but were also 
related to exercise. Physical examination was normal. The 
blood pressure was 125/80 mm Hg; the pulse was 70/min and 
regular. The electrocardiogram at rest showed signs of left 
ventricular hypertrophy. The left ventriculogram revealed a 
normal myocardial contractility. Selective coronary arteri- 
ography disclosed a 75 percent stenosis of the left anterior 
descending artery after the first septal branch and a normal 
right coronary artery. Coronary arteriograms performed 
during a spontaneous attack of pain with S-T segment de- 
pression in leads V4 to Vg revealed a more severe narrowing 
(90 percent) of the left anterior descending artery with slow 
filling of the distal portion of the vessel. The anginal attack 
and the spastic narrowing subsided spontaneously. During the 
exercise test the electrocardiogram revealed subendocardial 
ischemia of the anterior wall. Repeat coronary arteriograms 
performed at this time did not show evidence of coronary 
spasm. 


Case 2. (Fig. 2): A 47 year old man was admitted to our 
hospital with a 1 year history of spontaneous and exercise- 
induced anginal pain. In the last 2 months the attacks had 
Increased in frequency, occurring several times a day. Physical 
examination on admission was normal. The blood pressure 
was 145/85 mm Hg and the pulse rate was 72/min. An elec- 
trocardiogram at rest was normal. The left ventriculogram 
revealed no ventricular contraction disorders and coronary 
arteriography demonstrated a 75 percent stenosis of the 
proximal portion of the left anterior descending artery with 


mild irregularities of the caliber in the mid and distal portions 
of the vessel. The right coronary artery was normal. During 
spontaneous pain associated with S- T segment depression in 
the precordial leads, coronary arteriography showed a more 
severe narrowing (99 percent) of the left anterior descending 
artery with complete occlusion of the vessel after the second 
diagonal branch. The anginal pain subsided and coronary 
spasm disappeared after intracoronary administration of ni- 
troglycerin. The exercise test induced pain with S-T segment 
depression in precordial leads, but no spastic narrowing of the 
left coronary artery was demonstrated. 


Case 3 (Fig. 3): A 55 year old man complained of sponta- 
neous and exercise-induced substernal pain for a period of 2 
months. Physical examination on admission revealed a blood 
pressure of 120/75 mm Hg and pulse of 80/min. The electro- 
cardiogram was normal. The left ventriculogram showed a 
normal pattern of ventricular contraction. Selective coronary 
arteriography disclosed a 75 percent stenosis of the mid por- 
tion of the left anterior descending artery and a narrowing of 
50 percent distally. The right coronary artery was normal. 
During a spontaneous anginal attack associated with slight 
S-T segment depression in leads V4 and Vs, both stenoses 
increased with a complete occlusion of the vessel beyond them. 
The anginal attack and the spasm subsided spontaneously. 
During the exercise test the electrocardiogram revealed more 
marked signs of subendocardial ischemia and coronary arte- 
riograms disclosed no evidence of coronary spasm. 


Discussion 


Coronary arterial spasm and angina at rest: 
There is now convincing evidence that Prinzmetal's 
variant angina!? is caused by coronary spasm^? leading 
to a transmural reduction of regional perfusion, as 
demonstrated by thallium-201 myocardial scintigraphy 
during the attacks.!? A vasospastic mechanism has also 
been documented in some patients presenting with S-T 
segment depression during chest pain at rest.19-!? In 
these cases a diffuse or subendocardial reduction of 
myocardial perfusion was observed during the attacks 
of pain.” It has been postulated? that in some cases 
differences in the severity of vasospasm might result in 
differences in the area and distribution of ischemia, thus 
determining the direction of the S-T segment shift. We 
have recently demonstrated?! in one patient that dif- 
ferent degrees of spasm were accompanied by different 
electrocardiographic changes, giving support to this 
hypothesis. 

Pathogenetic mechanism of exertional angina: 
Exercise-induced angina is considered to be secondary 
to increased myocardial oxygen consumption in the 
presence of organic stenosis of major coronary arteries.?? 
Recently, coronary spasm has been proved to occur 
during or just after exercise, causing S-T segment 
elevation in patients with Prinzmetal's variant an- 
gina.1?-1523 Furthermore, Yasue et al.!? reported four 
cases in which exercise-induced S-T-segment depres- 
sion was triggered by coronary spasm. It is well known 
that exercise increases sympathetic tone and that 
stimulation of alpha adrenergic receptors results in 
coronary vasoconstriction.?4^?6 Thus, the possibility 
that the exercise test might induce coronary spasm in 
susceptible patients should be carefully considered. 
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FIGURE 2. Case 2. A, electrocardiogram at 
rest (precordial leads) and control left coronary 
arteriogram. A 75 percent stenosis of the 
proximal portion of the left anterior descending 
coronary artery is present (arrow). B, during 
a spontaneous attack of pain the electrocar- 
diogram shows S-T segment depression in the 
precordial leads. The left coronary arteriogran 
shows a more severe obstruction of the 
proximal portion of the left anterior descending 
artery with complete occlusion of the vessel 
after the second diagonal branch. C, during 
exercise-induced chest pain and S-T ségment 
depression in the precordial leads there is no 
evidence of coronary spasm. 
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FIGURE 3. Case 3. A, electrocardiogram at rest 
(precordial leads) and control left coronary arte- 
riogram showing a 75 percent stenosis of the mid 
portion of the left anterior descending coronary 
artery (arrow) with a mild stenosis distally. B, 
during spontaneous chest pain the electrocardi- 
ogram shows slight S-T segment depression in 
leads V4 and Vs. Both narrowings of the left an- 
terior descending artery increase with complete 
occlusion of the vessel beyond them. C, during 
exercise-induced chest pain, S-T segment de- 
pression is recorded in leads V3 to Vg. No spastic 
occlusion of the left anterior descending coronary 
artery is present. 
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Angiographic documentation of different 
pathogenetic mechanisms in patients with exer- 
tional angina: In our three patients we were able to 
perform coronary angiography during a spontaneous 
episode of chest pain associated with S-T segment de- 
pression. In all three patients we demonstrated coronary 
spasm almost completely occluding the middle segment 
of the left anterior descending artery with reduced 
filling and delayed runoff of the distal portion of the 
vessel. In each patient angiographic dye was injected 
after the appearance of spontaneous chest pain. The 
exercise test provoked S- T segment depression in the 
precordial leads that was more marked than that in- 
duced by the spontaneous attack. Because subendo- 
cardial ischemia during the spontaneous attacks of pain 
was caused by coronary spasm, we suspected that the 
same mechanism could be the cause of exercise-induced 
chest pain and S-T segment depression. Thus we re- 
peated the coronary angiogram when the electrocar- 
diographic changes induced by the exercise test were 
present. In all three cases arteriograms did not reveal 
coronary spasm, but showed only an organic stenosis 
that was also evident under control conditions. We be- 


lieve that in our patients chest pain and S- T segment 
depression during exercise were secondary to an in- 
crease of oxygen requirements and not to a primary 
reduction in blood flow. As far as we know, this is the 
first angiographic documentation of two coexisting 
pathogenetic mechanisms in the same patient causing 
chest pain associated with subendocardial ischemia. 
Clinical implications: The distinction between 
primary angina precipitated by a sudden reduction in 
blood flow (coronary spasm) and secondary angina due 
to an increase in metabolic demands of the myocardium 
should provide a rational basis for a proper therapeutic 
approach.?!? In primary angina, calcium antagonists 
such as nifedipine?^?? and verapamil?’ are the drugs of 
choice. Propranolol should be used when classic exer- 
tional angina is present. When two pathogenetic 
mechanisms coexist, as in our patients, the combination 
of beta adrenergic blocking agents and calcium antag- 
onists may provide the most beneficial effects. Coronary 
bypass surgery, which can be ineffective in patients 
whose chest pain originates only from vasospasm,?° 
must be considered when tolerance to exercise is re- 
duced because of limited fixed coronary reserve. 
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A 


Clinical and necropsy observations are described in five white male 
runners aged 40 to 53 years (average 46 years) who ran 22 to 176 
km/week (mean 53 km) for 1 to 10 years (mean 5). None had clinical 
evidence of cardiac disease before they became habitual runners, and 
all died while running. At necropsy all had severe atherosclerotic luminal 
narrowing of their major epicardial coronary arteries. Of the five runners, 
at least four had hypercholesterolemia, two had systemic hypertension, 
one had angina pectoris and none had clinical evidence of an acute 
myocardial infarct. The single symptomatic runner also had an abnormal 
resting electrocardiogram and a positive exercise stress test. The elec- 
trocardiogram (four patients) and exercise stress tests (three patients) 
in the other four runners were normal. At autopsy, all five men had greater 
than 75 percent narrowing of cross-sectional area by atherosclerotic 
plaques of the right, left anterior descending and left circumflex coronary 
arteries. In three men the entire lengths of these three coronary arteries 
and also the left main coronary artery were examined histologically (total 
5 mm segments = 153); 73 (48 percent) of the segments were narrowed 
greater than 75 percent in cross-sectional area by atherosclerotic plaques 
and 32 (21 percent) were narrowed by 51 to 75 percent. Four of the five 
runners had healed (clinically silent) myocardial infarcts. Thus, coronary 
heart disease appears to be the major killer of conditioned runners aged 
40 years and over who die while running. 


The cause of sudden nontraumatic death in conditioned runners (in- 
cluding marathon runners) who died while running has received rela- 
tively little attention. At least 17 necropsy patients who died while 
running have been reported on, but the reported cardiac necropsy in- 
formation in these patients is limited and incomplete.!-7 Our study de- 
scribes clinical and necropsy findings in five additional conditioned 
runners aged 40 years and over, each of whom died while running and 
none of whom had clinical evidence of cardiac disease before becoming 
habitual runners. 


Patients Studied 


Clinical features (Table I): All five runners were white men aged 40 to 53 
years (average 46) and death in each was the result of severe coronary athero- 
sclerosis (Fig. 1 to 9). However, only one (Patient 4) had had clinical evidence 
of myocardial ischemia. He had had episodes of transient substernal chest pain 
with radiation to the left arm after he had run about 13 km. After he had walked 
about 27 meters or so, the pain would disappear. He would then start running 
again and continue for another 19 to 26 km without further pain. This patient 
also was the only one of the five with a “positive” exercise stress test result (Fig. 
7). However, chest pain did not develop during either of two stress tests, but the 
S-T segments were markedly depressed (up to 4 mm). When he started running 
at age 39, however, he had no angina. It appeared when he was 47 years old, 2 
years before death. In Patient 3 an echocardiogram taken 2 months before death 
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FIGURE 1. Patient 1. Postmortem radiograph showing 
calcific deposits in the right (R), left anterior de- 
scending (LAD) and left circumflex (LC) coronary ar- 
teries. 


(Fig. 4) revealed a dilated left atrial cavity. During evaluation, 
a grade 2/6 systolic precordial murmur was heard over the 
cardiac apex. 

Possible risk factors: Three of the five runners had other 
family members who had had either angina pectoris or acute 
myocardial infarcts. Total serum cholesterol levels, available 
in four of the five men, were greater than 300 mg/dl in three 


FIGURE 2. Patient 1. Cross sections 
at sites of maximal narrowing of the 
right (R), left main (LM), left anterior 
descending (LAD) and left circum- 
flex (LC) coronary arteries (Movat 
stain X20, reduced by 28 per- 
cent). 





and 240 mg/dl in the fourth. In the one man without a cho- 
lesterol determination, necropsy disclosed extensive athero- 
sclerotic plaquing in the ascending aorta. (This finding is 
highly suggestive of an elevated serum cholesterol level and 
type II hyperlipoproteinemia.®) In two of the five men, either 
the systolic systemic arterial pressure was greater than 140 
mm Hg or the diastolic pressure was greater than 90 mm Hg, 
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TABLE | 
Clinical and Necropsy Observations in Five Conditioned Runners Who Died Suddenly While Running 


Ab- Interval Three nCa 
Age Average nor- (days) Major 5mm 
(yr) Kilometers Interval mal RandE CA Segments/ 
Race Years Run FH (days) ECG ECG LV Narrowed n(%) 
& Run Weekly of From BW Ht SAP Jiu ee to HW T >75% in Narrowed 
Case Sex (n) (n) CHD AP LastPE (kg) (cm) (mm Hg) (mg/d) R E Death (g) Scar XSA >75% 
1(P.S.) 40WM 5 48 No No — 84 71 140/80 — 0—, 182. 3985 ^ + 3 54/27 (50) 
2(L.W.) 40WM 1 112 Yes No 90 77 65 130/80 240 00 90 460 + 3 Ay 
3 (D.W.) 46WM 3 67* No NO 2 78 68 135/100 310, + O 60 380 +f 3 55/31 (56) 
4(G.B.) 49WM 10 1731 Yes Yes5 320 74 68 160/100 305! ++ 320 480 + 3 tt, 
5(D.C.) 53WM 5 22 Yes No 45 79. 71. 130770 468 0 0 45 428 0 3 44/15 (34) 


* Completed one 42 km race. 

t Large posterobasal left ventricular aneurysm. 

t Completed six 42 km Boston marathon races, seven 80 km JFK races. 

$ Only during running and only during last 2 years of life. 

| Initial VANSA of 305 mg/dl 4 years before death; 228 mg/l about 1 year before death when the high density lipoprotein fraction was 41 mg/dl 
(normal 40 to 80). 

AMI = acute myocardial infarction; AP = angina pectoris; BW = body weight; CA = coronary arteries; CHD = coronary heart disease; E = exercise 
(treadmill test); ECG = electrocardiogram; FH = family history; HW = heart weight; Ht = height; LV = left ventricle; n = number; PE = physical 
examination; R — resting; SAP — systemic arterial pressure; T — transmural (greater than inner half of wall); TC — total serum cholesterol; XSA 
= cross-sectional area; 0 = normal; + = abnormal; — = not known or not done. 


TABLE Il 
Number and Percentage of 5 mm Segments of Nine Major Epicardial Coronary Arteries and the Grade of Cross-Sectional 
Area Luminal Narrowing in Three Conditioned Runners Who Died Suddenly While Running 


Percentage of Cross-Sectional Area Luminal Narrowing 











0-25 26-50 51-75 76-100 Total 
Major Coronary Artery n(96) n(96) n(96) n(96) n(96) 
Left anterior descending 6 (6) 10 (18) 13 (24) 28 (52) 54 (100) 
Left circumflex 6 (15) 8 (20) 9 (23) 17 (43) 40 (100) 
Right 6 (10) 15 (25) 10 (17) 28 (48) 59 (100) 
Total 15 (10) 33 (21) 32 (21) 73 (48) 153 (100) 
TABLE Ill 
Previously Reported Clinical and Necropsy Observations in Seven Conditioned Runners Who Died Suddenly 
Major 
Inter- CA 
Average val Ab- LV Nar- 
Kilometers His- (days) normal T rowed 
Run FH tory From "T Ne- LV >75% Cause 
First Age (yr) Vee oomen RSZ VOL of Last SAP TC ECG HW cro T  inXSA of 
Author & Sex Run Daily Weekly CHD AP AMI PE (mm Hg) (mg/d) R E (gm) sis Scar (n) Death 
Opie! 46M E 11 sate Pea. ee V uui oa ee Oey E uu (m ? 
Opie? ...M 24 Lx M MR xi. c DAY Vu aiv D ME sanis Lars eek . ED, TM 0D) CHD 
Green? 44M 8* Ta 80 No No No 1 E sae le) Neb. <u ^ 9807 “Sk. I 0 ? 
Cantwell* 28M ele 6 ey No No No AX WM 26a gist Nor Ss ? 
Noakes* 41M "Many" 2. NO. NO N9 A 460 No No 0 HC 
Noakes® 41M gh Js Yes Yes 1 Stes 265 T 345 No Yes 3 CHD 
44M 3i 46-77 No No 78 Ng 296 355 No Yes 2k CHD 


a Completed several 32 km runs; ^ “marked” coronary narrowing; € completed several 42 km races; ? resuscitated during race but remained 
comatose and died 50 days later from infection; * only one epicardial coronary artery shown as normal; ! completed one 84 km and one 42 k 
race; 9 “normal” but no value given; " completed one 80 km race and four 42 km races; ! acute myocardial infarction 2 yr before death, chest pain 
during exercise, death during aortocoronary bypass operation; ) completed eight 42 km marathons, one 56 km race and one 84 km (Comrades) 
marathon; * right coronary artery not described. 

AMI — acute myocardial infarction; AP — angina pectoris; CA — coronary arteries; CHD — coronary heart disease; E — exercise; ECG — elec- 
trocardiogram; FH = family history; HC = hypertrophic cardiomyopathy; HW = heart weight; LV = left ventricle; n = number; N = normal; PE = 
physical examination; R = resting; SAP = system arterial pressure; T = transmural (greater than inner half of wall); TC = total serum cholesterol; 
XSA = cross-sectional area. 
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FIGURE 3. Patient 2. Normal resting 
electrocardiogram obtained 90 days 
before death (left) and a cross 
section of the severely narrowed 
left anterior descending coronary 
artery (right) (Movat stain X 14, 
reduced by 26 percent). 
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FIGURE 6. Same patient. Opened left ventricle showing an aneurysm 


at the site of a healed left ventricular basal myocardial infarct (area 


enclosed by dashed lines). Both the infarct and the aneurysm were 
clinically silent. This patient had a murmur of mitral regurgitation and 
the posteromedial muscle is severely scarred and atrophied. 


— 


FIGURE 5. Patient 3. The 
right (R), left main (LM), 
left anterior descending 
(LAD) and left circumflex 
(LC) coronary arteries at 
sites of maximal nar- 
rowing (Movat stain X22 
[R,LM] and X30 
[LAD,LC], reduced by 19 
percent). 


or both. However, the heart at necropsy was of increased 
weight in only one of these two patients; in two of the three 
patients without recorded elevated systemic arterial pressures, 
the heart size was increased (over 400 g). 

Necropsy findings: Although only Patient 4 had had 
clinical evidence of myocardial ischemia, at necropsy four of 
the five runners had transmural left ventricular scars, one 
(Patient 3) with aneurysm formation (Table I, Fig. 6). Spe- 
cifically, none of these four men ever had clinical evidence of 
acute myocardial infarction. In each of the five runners, the 
right, left anterior descending and left circumflex coronary 
arteries were narrowed greater than 75 percent in cross-sec- 
tional area by atherosclerotic plaques (Fig. 2, 3, 4, 8 and 9). In 
three of the five patients, the entire lengths of these three 
arteries were available for examination. Each artery was di- 
vided in 5 mm segments and a histologic section was prepared 
and examined from each segment. Of the 153 five mm seg- 
ments examined, 73 (48 percent) were narrowed greater than 


75 percent in cross-sectional area by atherosclerotic plaques 
(Table II). 


Comments 


Of the five conditioned runners described, all died 
from consequences of severe coronary atherosclerosig. 
Only one had had clinical evidence of myocardial isch- 
emia, manifested by angina pectoris that occurred only 
during running and did not appear until the patient's 
8th year of running, 2 years before his death. Despite the 
absence of clinical episodes compatible with acute 
myocardial infarcts, four of the five runners had 
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transmural left ventricular scars at autopsy. The 
amount of coronary narrowing in all five runners was 
severe: In the three in whom the entire lengths of all 
three major coronary arteries were examined histolog- 
ically, 34 to 56 percent (average 48 percent) of the seg- 
ments were narrowed greater than 75 percent in cross- 
sectional area by atherosclerotic plaques. At least three 
(and probably four) of the five runners had hypercho- 
lesterolemia, three had siblings with clinical evidence 
of coronary heart disease at a young age and two (pos- 
sibly three) had systemic hypertension. 'Thus, these 
patients were clearly candidates for coronary heart 
disease. 

Marathon running and atherosclerosis: A quick 
look at the findings in our five runners suggests that 
Bassler's thesis? that marathon running provides “im- 
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munity to atherosclerosis" is incorrect.? Two of our five 
men were marathon runners: Patient 3 had completed 
one 42 km race and Patient 4 had completed six 42 km 
(Boston marathon) races and seven 83 km (JFK mara- 
thon) races. However, Patient 3 did not start running 
regularly until age 43 when he already had hypercho- 
lesterolemia and systemic hypertension. Thus, it is 
likely that the coronary arteries were already quite 
narrowed before he began running. Patient 4 started 
running regularly at age 39 years; he had one brother 
who had died from acute myocardial infarction at age 
32 and a second brother who had two aortocoronary 
bypass operations performed while in his 40's. In ad- 
dition, Patient 4 had hypercholesterolemia and systemic 
hypertension. Thus, this patient may also have had 
considerable and possibly severe coronary atheroscle- 
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G.B. Exercise (METS), recorded 1/78. 


G.B. Pre-exercise, recorded 1/78 


FIGURE 7. Patient 4. Upper, electrocardiograms before (left), during (middle), and after (right) an exercise treadmill test performed 4 years before 
death showing severe S-T segment depression at a maximal speed of 5.5 mph at an 18 percent grade (heart rate — 187 beats/min). Lower, another 
exercise test performed 10 months before death at 3.0 mph at a 10 percent grade (heart rate — 122 beats/min). Both exercise tests, obviously, 
are strongly positive. METS = metabolic equivalents. 
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FIGURE 9. Patient 5. The right (R), left main (LM), left anterior descending (LAD) and left circumflex (LC) coronary arteries at sites of maximal narrowing 


(Movat stains X 12). 


rosis by the time he first began to run regularly. Thus, 
if marathon running is to provide “immunity to ath- 
erosclerosis,”? the running must start years before the 
5th decade of life. 

Previously reported studies on coronary artery 
disease in runners: Our study is not the first to men- 
tion severe coronary atherosclerosis as a cause of death 
in conditioned runners. Although several reports!-? have 
described sudden death in runners, the distance run per 
week or per day and the length of time that the person 
had been running regularly is infrequently reported. 
Findings in seven previously reported runners with 
some running history are summarized in Table III. In- 
formation regarding the serum cholesterol and systemic 
bl&od pressure levels and family history of coronary 
heart disease was supplied in only four patients.?:56 
Furthermore, the status of the three major coronary 
arteries was described in only two patients. Despite the 
paucity of reported information in the previously re- 
ported deaths among conditioned runners, coronary 
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atherosclerosis nevertheless appears to have been the 
villain in at least three of the seven patients.?-6 

Thompson et al.” recently reported findings in 18 
persons who had run periodically from 9 days to 3 or 
more years, but 4 had run for less than 6 weeks. Fifteen 
died while running. Data on their 18 subjects were 
summarized collectively and, therefore, individual 
clinical and necropsy information was not provided. 
Additionally, the necropsy information provided was 
obtained entirely from autopsy protocols, a relatively 
inaccurate method of obtaining morphologic cardiac 
information.!? Of the 18 runners, 13 at necropsy had 
coronary heart disease, but probably 10 of them had 
evidence of this diagnosis before they became runners 
or joggers. 
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The M-101 Echocardiograph System integrates the 
most important features currently utilized in the new 
and rapidly developing science of non-invasive 
ultrasound examination. 


The M-101 Echocardiograph is designed for 
maximum effectiveness as a system. Central features 
facilitate examination: independent T.G.C. programmer 
(pinpoints echoes for finer diagnostic information), 16 
shades of gray, “frozen” display pictures, and 2 mem- 
ory,Pages for storage of 2 or 4 seconds of image dis- 


. Play while storing calculated data, to name a few. 


- Modular design provides a number of optional features 
. andensures system upgrade. In addition, M-101 listens 
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to the heart with a unique and exciting “brain”: the 
Intelligent Digi-Analyzer or “Digitizer.” 


The Digitizer is an on-line micro-processor that may 
be connected to the M-101 system for calculations of 
various parameters from displayed echo pictures. 
Essential patient data is shown next to “frozen” echo 
pictures. 59 cardiac functions and parameters may 
be measured with computer electronics accuracy, by 
joy-stick controlled cursors. Calculations are fast, 
“real-time” (during the examination) and may be stored 
for future reference. The Digitizer ensures computer 
certain precision and simplifies the examination process. 


For Further Information Contact: 
IPCO ULTRASOUND 
1025 Westchester Avenue, White Plains, N.Y. 10604 


Phone: (914) 682-4500 Telex: 99-6575 
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| ;«Rx:for your cholesterol patient 


| Sunlite. 
3 | is light, tasty, and provides the highest in 
polyunsaturates of all leading cooking 
oils — even corn oil. Included in your 
restricted fat/cholesterol dietary regimens, it 
can help lower serum cholesterol. 
Nutriologic study shows that: "The addition 
of polyunsaturated oils [e.g. Sunlite] will 
have a cholesterol lowering effect which is 
about half the cholesterol raising effect of 
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saturated fats. 


Sunlite.. 

can help improve the Polyunsaturated to 
Saturated Fat (P/S) Ratio. After reducing the 
total fat intake from 40 to 30 per cent of 
calories, saturated fat from 18 to 9 per cent, 
and dietary cholesterol from 700 to 400 
mg/day, an increase in the P/S ratio from 0.4 
to 1.5 effected approximately a 16 per cent 
reduction of serum cholesterol when 
accompanied by wee loss.' In another 
study, increasing the P/S ratio from 0.3 to 1.2 
produced comparable lowering of 

serum lipids? j 
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SOPHISTICATED 





AND DELIVERABLE. 


The ICR 6201G-2b: an information breakthrough 
». in Holter cardiography. 


A breakthrough in Holter cardiography doesn't do medicine a bit of good if it's still on the 
drawing board. At ICR, not only can every Holter system we make be delivered quickly 
and dependably, but each is also the result of an aggressive clinical evaluation program. 
For instance, our new 6201G-2b Holter system is ready right now for day-to-day use. 
It's the most sophisticated ever developed. 
Sophisticated in terms of its microprocessor design, its superior range of scanning 
functions, and its sensitivity to and analyses of cardiac information. 
Just as important, as with all ICR Holter systems, it's simple. 
Simple to operate— simple to upgrade— and simply the 
most comprehensive system available. 
The 6201G-2b allows you to choose the infor- 
mation summary format you prefer from a 
we — wide range of options. This flexibility 
makes the 6201G-2b the most prac- 
tical and powerful Holter system 
ever developed. 

ICR makes a full range of 
Holter systems to meet virtually 
any diagnostic or budget con- 
sideration. We build these 

systems to your exact needs. 


Call toll-free 
1-(800)-448-1675. 


In New York, call collect: (315) 437-7291. 
m. Ask for a copy of our beautifully 
MT cues Latent Jade Tn illustrated “Failsafe Holter Hook-up” 
A E B EA quo aed RR I rg poster and more information on 
the wide range of ICR Holter 
systems. Or write: Instruménts 
for Cardiac Research, 6057 


Corporate Drive, East Syracuse, 
N.Y. 13057, U.S.A. 








ad 
ANC I. 2 

dM o ELE 

"PA 


| AR rr ri ea ^ 
iv T E h Ü ET Sagen } LU 







| SYSTEM 
à HOLTER CARDIOGRAPH SY 


When your patients depend on you, depend on our technology. 
m CJ instruments for 
; Cardiac Research, Inc. 








P 
\ 





THEY 
ONLY TASTE 
THE WATER 


The plain truth about potassium supplements— 
many patients just dont take them 
Many patients just can’t take liquid or effervescent prepa- 
rations day after day, no matter how they are diluted or the 
taste is disguised. Thus, in the long run, they fail to get the 
potassium they need. 


Helps solve compliance problems two ways 
KAON-CL TABS have no taste or after-taste, no matter 
how long they are taken. 

KAON-CL TABS are easy to remember, with a simple 
t.i.d. dosage schedule and ready portability. 


Minimizes likelihood of Gl complications 
Each KAON-CL TABS tablet provides 500 mg KCl (6.7 


mEq) in a special wax matrix which controls release of 
potassium chloride over several hours. Thus, the likeli- 
hood of high localized concentrations of KCI in the Gl 
tract is minimized. The reported frequency of GI lesions 
with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of 
GI bleeding reported with KAON-CL TABS to date and 
no reports of small bowel stenosis or ulceration. However, 
clinical experience is insufficient at this time to indicate 
that the incidence is other than the stated numerical ratio. 





Patients stay on 


KAON-CLTABS 


(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 
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BRIEF SUMMARY 
Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
normal dietary pattern. Serum potassium should be checked periodically, 
hyperkalemia since a further increase in serum potassium concentration in such 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
atrium. Potassium supplementation, when indicated in such patients, should be record i n gs 
the gastrointestinal tract. In these instances, potassium supplementation should veloc it recor in S 
y ding 
potassium, the administration of potassium salts can produce hyperkalemia and 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
the serum potassium concentration and appropriate dosage adjustment. 
sparing diuretic (e.g., spironolactone or triamterene) since the simultaneous 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 
near the bowel wall. le the reported frequency of small bowel lesions is much 
associated with wax-matrix tablets have been reported both in foreign countries 
been reports of upper gastrointestinal bleeding associated with these products. 
possibility of bowel obstruction or perforation considered if severe vomiting, 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
demonstrating hypokalemia in a patient with a clinical history suggesting some 
in the absence of a deficit in total body potassium while acute acidosis per se can 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
dis ore further, taking the dose with meals, or reducing the dose. 
ration (see Warnings). 
ever, if excretory mechanisms are impaired or if potassium is administered too 
asymptomatic and may be manifested only by an increased serum potassium 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
l. Elimination of foods and medications containing potassium and potas- 
containing 10-20 units of crystalline insulin per 1,000 ml. 
In treating hyperkalemia, it should be recalled that in patients who have been 
Caution: Federal law prohibits dispensing without prescription. 
WARREN-TEED LABORATORIES 


KAON-CI TABS* (potassium chloride) 
ing 500 mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 
FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
alkalosis: in di ca TARDE wi 1 : : wi D 
alkalosis, in digitalis intoxication and in patients with hypokalemic familial 
'riodic paralysis. 
2. For the prevention of potassium depletion when the dietary intake is 
aldosterone excess with normal renal function, potassium-losing nephro- 
pathy, and with certain diarrheal states. 1 ge e r 
3. The use of potassium salts in patients receiving diuretics for uncomplicated 
Ra Lu 
however, and if hypokalemia occurs, dietary supplementation with potas- 
sium-containing foods may be adequate to control milder cases. In more ü n p O U C i 
severe cases supplementation with potassium salts may be indicated. gee 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
spironolactone, triamterene). " 
Wax-matrix potassium chloride preparations have produced soph! ulcer- M u Iti ple p ressu re 
with a liquid preparation. 
be with a liquid preparation. 
a 
cardiac arrest. This occurs most commonly in patients given potassium by the Phono record 3 ale E 
of potassium salts in patients with chronic renal disease, or any other condition 
Interaction with Potassium-Sparing Diuretics- Hypokalemia should not be 
administration of these agents can produce severe hyperkalemia. 
by a high localized concentration of potassium ion in the region of a rapidly 
tablet formulated to provide a controlled rate of release of potassium chloride and 
less with wax-matrix tablets (less than one per 100,000 patient years) than with 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
The total number of gastrointestinal lesions remains less than one per 100,000 
abdominal pain, distention or gastrointestinal bleeding occurs. 
otassium citrate, potassium acetate, or potassium gluconate. 
cause for potassium depletion. In interpreting the serum potassium level, the 
increase the sérum potassium concentration into the normal range even in the 
requires careful attention to acid-base balance and appropriate monitoring of 
are nausea, vomiting, abdominal discomfort and diarrhea. These ni era are 
e most severe adverse effects are hyperkalemia (see Contraindications, 
Overdosage: The administration of oral potassium salts to persons with normal 
rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
concentration and characteristic electrocardiographic changes (peaking of T- 
lapse from cardiac arrest. 
sium-sparing diuretics. 
3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
How Supplied: Bottles of 100, 250 and 1000. 
DIVISION OF ADRIA LABORATORIES INC. 


Controlled Release Tablets 
wax matrix. This formulation is intended to provide a controlled release of 
otassium from the matrix to minimize the likelihood of producing high T 
ocalized concentrations of potassium within the gastrointestinal tract. — [7] $ ka 
Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC CA h kk fas 7 ER 
WITH THESE PREPARATIONS. 
inadequate in the following conditions: Patients receiving digitalis and 
essential hypertension is often unnecessary when such patients have a 
Contraindications: Potassium supplements are contraindicated in patients with 
NU None M Pepe as ja lese Duros Single pressure recordings 
ation in certain cardiac patients with esophageal compression due to enlarged left 
dea tc E E aU DRE Dh Multiple pressure with 
Warnings: Hyperkalemia—In patients with impaired mechanisms for excreting 
intravenous route but may also occur in patients given potassium orally. 
which impairs potassium excretion, requires particularly careful monitoring of 
treated wi the concomitant administration of potassium salts and a potassium- 
Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
thus to minimize the possibility of a high local concentration of potassium fon 
Whi 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
tions are not enteric-coated and release potassium in the stomach, there have 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should 
?recautions: The diagnosis of potassium depletion is ordinarily made by 
physician should bear in mind that acute alkalosis per secan produce hypokalemia 
presence of a reduced total body potassium. The treatment of potassium 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
due to irritation of the gastrointestinal tract and are best managed by diluting the 
Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
excretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
Treatment measures for hyperkalemia include the following: 
2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 
4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 
can produce digitalis toxicity. 
Stat-Pak® (unit dose) 100’s. 
COLUMBUS, OHIO 43215 018001 
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Diagnosis of Coronary Artery Disease With Exercise Radionuclide 


Imaging: State of the Art* 


LEWIS C. BECKER, MD, FACC 
Baltimore, Maryland 


It has been only 7 years since Zaret et al.! first com- 
bined standard multistage exercise testing with radio- 
nuclide perfusion imaging of the heart to improve the 
noninvasive diagnosis of coronary artery disease. In this 
short time, and especially since the introduction of 
thallium-201 as a flow tracer in human beings in 1977,23 
exercise myocardial perfusion imaging has enjoyed an 
impressive wave of popularity. In 1977 Borer et al.4 
described a different scintigraphic approach in which 
graded exercise was combined with radionuclide ven- 
triculography to identify ischemia-induced abnor- 
malities of global and regional left ventricular function. 
Although newer, this test has also gained increasing 
popularity as an aid in the diagnosis of coronary artery 
disease. One or both types of exercise scintigraphic tests 
are now performed routinely in a large number of uni- 
versity and community hospitals and outpatient diag- 
nostic clinics. However, the financial and other con- 
siderations involved in establishing an exercise imaging 
laboratory are significant, and many physicians are 
beginning to question the true value of these procedures 
for clinical practice. It therefore seems appropriate to 
examine critically the ability of these tests to help in the 
diagnosis of coronary artery disease at their current 
stage of development. 


Accuracy of Exercise Scintigraphy 


In terms of both overall sensitivity and specificity, 
the great majority of published studies show that ex- 
ercise scintigraphy of both types is superior to conven- 
tional multistage exercise electrocardiography in 
diagnosing coronary artery disease. The improved 
sensitivity of exercise scintigraphy is particularly 


t Sensitivity is defined as the proportion of patients with proved coronary 
disease who have a positive test. Specificity is defined as the proportion 
of patients without coronary disease who have a negative test. 
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striking in patients with electrocardiographic abnor- 
malities at rest?^? or inadequate increases in heart rate 
during exercise? and in those with coronary disease 
confined to a single major vessel, in whom sensitivity of 
the exercise electrocardiogram is especially poor.? 
The precise values obtained for sensitivity and 
specificity depend, among other factors, on the criteria 
used for defining an abnormal test (Table I). If ab- 
normality is defined as a new perfusion defect or re- 
gional wall motion abnormality with exercise, the test 
becomes very specific, but not very sensitive. There are 
few cardiac disorders other than coronary arterial ob- 
struction that produce transient regional abnormalities 
in myocardial perfusion or function with exercise. 
However, certain patients with coronary artery disease 
may have abnormalities at rest that do not change with 
exercise, such as those with single vessel disease and a 
previous infarction in the same vessel distribution. 
However, if more “sensitive” criteria are used—such as 
any perfusion defect in the exercise scintigram (fixed 
as well as transient) or any abnormality in exercise 
ventricular function (global as well as regional)—sen- 
sitivity can be improved considerably at the expense of 
specificity. Patients with primary myocardial disease,!? 
valve disease?? or previous infarction in the absence of 
coronary atherosclerosis (that is, infarction due to cor- 
onary embolus or spasm) may be misdiagnosed as 
having coronary disease if more "sensitive" criteria are 
used. The problem may be especially troublesome in the 
case of exercise radioventriculography. Berger et al.?! 
recently found that 9 of 25 patients with a positive ex- 
ercise test but normal coronary arteriogram had ab- 
normal global left ventricular exercise reserve, although 
none had regional wall motion abnormalities. 
Another important factor that affects sensitivity and 
specificity is patient selection. Some studies define 
"significant" coronary artery disease by a 50 percent 
narrowing of luminal diameter, whereas others use a 
criterion of 75 percent narrowing. Sensitivity will clearly 
diminish when patients with less severe disease are in- 
cluded. Most published reports contain significant 
numbers of patients with clinically obvious disease, such 
as those with previous myocardial infarction or classic 
angina of effort with a positive stress test. Diagnostic 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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TABLE ! 
Sensitivity and Specificity (96) of Exercise Scintigraphy * 


Exercise 
Radioventriculography 


Exercise Thallium 
Perfusion Scintigraphy 





"Specific" “Sensitive” “Specific” ''Sensitive" 
Criterion Criterion Criterion Criterion 
Sensitivity 65-70 80 40-60 75-90 
Specificity 95 90 95 70-90! 


* Criteria: For exercise thallium, "specific" means a new perfusion 
defect with exercise and “sensitive” refers to perfusion defects either 
new with exercise or unchanged between rest and exercise. For ex- 
ercise ventriculography, ' specific" refers to new regional wall motion 
abnormalities with exercise, and "sensitive" to either regional or global 
abnormalities with exercise. References for thallium imaging.?:5- '4 
References for radioventriculography.^ 15-18 

t Depends on patient selection. 


accuracy is enhanced considerably by inclusion of these 
patients, especially when they are compared with nor- 
mal volunteer subjects. Only a few studies specifically 
deal with patients with diagnostic problems.?-? 

A discussion of overall sensitivity obscures the fact 
that for both types of scintigraphic tests, sensitivity 
actually increases with the extent of coronary artery 
disease. For example, the sensitivity of stress thallium 
imaging is about 60 percent for single vessel disease and 
90 to 95 percent for triple vessel disease.?!^!? Fur- 
thermore, sensitivity in patients with single vessel dis- 
ease depends on the location and severity of coronary 
narrowings.!!:22, We have found that sensitivity is 
greatest for lesions in the left anterior descending cor- 
onary artery and least for those in the circumflex sys- 
tem.22 Narrowings of less than 70 percent are commonly 
missed, whereas those of more than 90 percent are 
readily detected.!.?? Thus, a normal exercise thallium 
study reduces the chance of triple vessel disease to less 
than 10 percent, and the chance of a 90 percent or 
greater narrowing in the left anterior descending coro- 
nary artery to about 15 percent. However, a negative 
result is not uncommon in patients with severe isolated 
circumflex disease or moderate involvement of one or 
even two major vessels. 

It is unclear whether these same considerations of 
regional sensitivity also apply to exercise radioven- 
triculography. Because of technical limitations all parts 
of the left ventricle cannot be examined during exercise. 
With equilibrium radionuclide cineangiography,*? the 
modified left anterior oblique view is used to separate 
the left and right ventricles; the septum and lateral walls 
are well seen, but the anterior and posterior segments 
are not directly visualized. With the first pass radio- 
nuclide angiocardiogram,!6 the anterior or right anterior 
oblique view is used, making it possible to see the an- 
terior wall, inferior wall and apex, but obscuring the 
septum and the lateral and posterolateral segments. 
Borer et al.!? tried to circumvent this problem by using 
a “difference image" (end-diastole minus end-systole) 
to evaluate the anterobasal or posterobasal segments, 
or both. It is likely that further technical improvements 
will be forthcoming, such as the use of special collima- 


tors, to enable more areas of the left ventricle to be seen 
during exercise. 

There is currently controversy over whether exercise 
radioventriculography is equally sensitive in patients 
with coronary artery disease who experience angina 
pectoris during exercise and in those whose exercise 
test is limited by fatigue. Borer!? found no difference 
between these two groups, with 89 percent showing a 
decrease or no change in ejection fraction during exer- 
cise. However, Berger et al.!® found that all patients 
with angina or ischemic S-T segment depression during 
exercise had abnormal global exercise reserve, compared 
with 46 percent of those whose test was limited by fa- 
tigue. In the latter group, 60 percent had abnormal re- 
gional or global exercise reserve, or both, and 73 percent 
had abnormal function at rest or abnormal exercise 
reserve, or both. Further studies will be necessary to 
resolve this issue. 

Can exercise scintigraphy be used to determine the 
severity or extent of coronary arterial involvement? 
Unfortunately, stress thallium imaging has now been 
shown in a number of studies to underestimate rather 
badly the extent of disease.?:1^?? Although the most 
severe lesion in a heart is usually identified, abnor- 
malities are commonly found in only one or two areas 
in patients with triple vessel involvement. The reasons 
are several: (1) Technical problems limit the sensitivity 
of imaging certain myocardial segments; (2) only the 
most severely involved area of myocardium may in fact 
become ischemic during exercise because the exercise 
test is usually stopped as chest pain or electrocardio- 
graphic changes occur; and (3) because scintigrams 
display the relative distribution of blood flow rather 
than absolute flow, only the most ischemic area may 
appear abnormal when, in fact, other areas also have 
insufficient flow. Whether exercise ventriculography 
will prove to be more useful for assessing the extent of 
disease is currently unknown, although it does seem 
likely that the degree of functional impairment may 
reflect the extent of coronary arterial involvement. 


Exercise Thallium Imaging Versus 
Exercise Ventriculography 


A question of current interest is whether the exercise 
thallium test or the exercise radioventriculogram is 
better for diagnosing coronary artery disease. The ar- 
ticle by Johnstone et al.? in this issue of the Journal 
attempts to deal with this problem by comparing the 
sensitivity of thallium scintigraphy and first pass an- 
giocardiography in a group of patients performing the 
same external work load. They found that 62 percent 
had new or augmented thallium-201 perfusion defects, 
whereas 85 percent demonstrated abnormal left ven- 
tricular reserve with exercise. They concluded that 
“from a diagnostic perspective ... assessment of left 
ventricular performance during exercise should be the 
initial radionuclide examination in a patient with sus- 
pected coronary artery disease... .” Although this is a 
well done study by a most capable group of investiga- 
tors, several concerns must be mentioned. First, the 
authors’ exercise and imaging protocols were well suited 
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for radioangiocardiography, but may not have been 
ideal for thallium scintigraphy. For example, bicycle 
rather than treadmill exercise was used. Although the 
maximal rate-pressure product is similar with the two 
techniques, bicycle exercise causes a greater increase in 
blood pressure (better for uncovering global or regional 
ventricular dysfunction) whereas the treadmill causes 
a greater increase in heart rate (better for producing 
perfusion defects). For cardiac imaging, they used a 
multicrystal camera with the patient in two positions. 
Most investigators using thallium-201 acquire three or 
four images with the scintillation camera. The scintil- 
lation camera probably gives better image resolution, 
which is more important for thallium scintigraphy than 
for radioventriculography. Second, the authors used a 
“specific” criterion for abnormality in the perfusion 
study (a new exercise defect), but a “sensitive” criterion 
for abnormality in the radionuclide ventriculogram 
(abnormal global exercise reserve). When resting as well 
as exercise-induced regional abnormalities were con- 
sidered for both studies, the sensitivity levels increased 
to 77 percent for thallium and 90 percent for radioven- 
triculography, a difference that was no longer statisti- 
cally significant. Finally, the patients studied were se- 
lected, rather than consecutive, and 25 percent had 
documented prior infarction. It is difficult to extrapo- 
late data from this group to an unselected series of pa- 
tients presenting with diagnostic problems. As noted, 
the same group of investigators?! recently found a 36 
percent incidence rate of abnormal ventricular exercise 
reserve in patients with positive exercise tests and 
normal coronary arteriograms. 

Within the past year several groups have presented 
data comparing the sensitivity of the two exercise 
scintigraphic procedures.1?.1718?4 None has found a 
statistically significant difference, although exercise 
ventriculography has had a slight edge in most studies. 
However, the major concern, with exercise ventricu- 
lography is its lack of specificity, particularly when 
abnormalities of global as well as regional exercise 
function are accepted as indicative of coronary artery 
disease. Of course, the two tests do not measure the 
same thing: One records the relative distribution of 
myocardial blood flow, whereas the other shows the 
functional consequences of myocardial ischemia. When 
both scintigraphic examinations are used, virtually all 
patients with coronary disease are detected, although 
specificity declines appreciably.” 

From a technical aspect, exercise ventriculography 
is considerably more difficult to perform than exercise 
thallium imaging. Our laboratory has not used the first 
pass technique but has had a moderately large experi- 
ence with the equilibrium method of Borer et al.* More 
technical personnel are required than with the thallium 

thod because problems commonly occur in relation 
to computer data acquisition, patient movement during 
the acquisition period, maintanence of constant levels 
of exercise and proper electrocardiographic gating 
during high levels of stress. With thallium scintigraphy, 
data acquisition is performed after exercise is com- 
pleted. The major problems of this technique are related 
to interpretation of the images, because subjectivity and 


bias are more difficult to control with this method than 
with the ventriculographic method. 


Current Role of Exercise Scintigraphy 


Given that (1) both types of exercise scintigraphic 
examinations are superior to standard exercise testing, 
but neither is perfect, (2) scintigraphy is expensive and 
involves resources that are limited, and (3) radionuclide 
procedures provide a small but definite radiation ex- 
posure to the patient, what is the proper role of exercise 
scintigraphy in today’s practice of cardiology? It is my 
opinion that in most cases exercise scintigraphy should 
not be used as an initial screening examination, but 
should be reserved for those patients whose diagnosis 
is still in doubt after standard multistage exercise 
testing. This group would include patients with (1) an 
inadequate negative exercise test due to fatigue, ar- 
rhythmias or treatment with beta adrenergic blocking 
drugs; (2) an uninterpretable stress electrocardiogram 
due to baseline electrocardiographic abnormalities, 
conduction disturbances or drug treatment; (3) typical 
chest pain in the absence of electrocardiographic 
changes; and (4) ischemic type electrocardiographic 
abnormalities in the absence of symptoms. Patients 
with typical chest pain and a positive stress electro- 
cardiogram do not ordinarily need stress scintigraphy 
because the probability of coronary disease is already 
so great that a negative result would not really dissuade 
one from the diagnosis. Similarly, patients with a clin- 
ically low probability of coronary disease and an ade- 
quate negative stress test do not need scintigraphy be- 
cause a positive finding would most likely represent a 
false positive result. Hamilton?’ has argued, in the case 
of stress thallium imaging, that maximal discrimination 
is achieved in patients having about a 50 percent pretest 
probability of coronary disease (this would include the 
type of patient listed previously). In this group an ab- 
normal thallium study will increase the probability of 
disease to about 90 percent, whereas a normal result will 
decrease the chances to about 10 percent. In most cases 
this “probability” information will be sufficient to guide 
recommendations and management. Less reliable data 
generated from the stress.electrocardiogram have cer- 
tainly been used in this way for many years. However 
if the physician desires “certainty,” coronary arteriog- 
raphy still provides the only recourse. 

Aside from aiding in the diagnosis of coronary artery 
disease, exercise scintigraphy may have other important 
clinical applications. Perfusion imaging has been used 
to assess the functional significance of coronary arterial 
narrowings identified by arteriography, and to evaluate 
patients with chest pain after coronary bypass surgery. 
Radionuclide ventriculography has been suggested as 
a method to help determine the proper timing for aortic 
valve replacement in patients with aortic insufficiency.?? 
Perfusion and ventriculographic studies at rest have 
also been used in patients with acute myocardial in- 
farction to (1) diagnose electrically “silent” posterior 
and lateral infarcts, (2) provide prognostic informa- 
tion,26 and (3) help in the evaluation of patients with 
cardiogenic shock or new systolic murmurs, or both. 
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Future Considerations 


Diagnosing coronary artery disease by directly visu- 
alizing abnormalities of regional flow or function is in- 
trinsically appealing and logical. When one also con- 
siders the superiority, even at this early developmental 
stage, of exercise scintigraphy over standard exercise 
electrocardiography, it is clear that scintigraphy is not 
just a passing fad. There is every reason to believe that 
technologic improvements will continue to result in 
increasingly better diagnostic accuracy. For example, 
more than 90 percent sensitivity was recently reported 
for thallium scintigraphy by Beller et al.?? using quan- 
titative analysis of serial planar images and by Vogel et 


al.28 using the seven-pinhole collimator with computer 
tomographic reconstruction. Francisco et al.?? reported 
more than 90 percent sensitivity combining the seven- 
pinhole collimator technique with maximal coronary 
vasodilation using intravenous dipyridamole. Other 
approaches currently being evaluated include new ra- 
dionuclide and radiopharmaceutical agents, new 
imaging devices and improved computer techniques for 
image enhancement and quantification. As the state of 
the art improves we must be prepared to reevaluate our 
clinical indications for exercise scintigraphy. It is con- 
ceivable that, in the future, 'an exercise scintigraphic 
study will be the initial test in the diagnostic evaluation 
of a patient with suspected coronary disease. 
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Assessing the Electrical Stability of the Heart in Human Beings * 


KENNETH M. KENT, MD, FACC 
Bethesda, Maryland 


Ventricular arrhythmias continue to be the most fre- 
quent cause of death in patients with ischemic heart 
disease. Since Wiggers and Wegria! demonstrated the 
reproducible induction of ventricular fibrillation in 
experimental animals, techniques to assess the electrical 
stability of the heart have been sought. Han? developed 
a method for exploring the electrical vulnerable period 
of the cardiac cycle. A train of stimuli was introduced 
during ventricular repolarization, the T wave of the 
electrocardiogram. The intensity of the train was in- 
creased until ventricular fibrillation occurred. The 
minimal intensity of stimulation required to induce 
ventricular fibrillation was the ventricular fibrillation 
threshold. The latter decreased during myocardial 
ischemia, an intervention known to predispose the heart 
to ventricular arrhythmias.? The ventricular fibrillation 
threshold was later used during coronary occlusion to 
assess the effects of autonomic stimulation,?^4 antiar- 
rhythmic drugs such as lidocaine? and interventions 
designed to increase and decrease the electrical stability 
of ischemic hearts by increasing and decreasing the in- 
tensity of myocardial ischemia.?9 This fibrillation 
threshold appeared to be a reliable index of the elec- 
trical stability of the heart because, in our laboratory, 
interventions that increased the threshold during 
ischemia invariably decreased the propensity of the 
heart to manifest spontaneous ventricular fibrillation 
after coronary occlusion.?6-11 


The Repetitive Ventricular Response: Clinical 
Experience 


Repeated induction of ventricular fibrillation to test 
the electrical stability of the heart does have practical 
and theoretical limitations. Furthermore, although 
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ventricular fibrillation threshold has been measured in 
human beings on cardiopulmonary bypass,!? this test 
would have no value as a screening procedure in patients 
with ischemic heart disease. To obviate the need for 
repeated induction of ventricular fibrillation, Lown! 
and several associates!4-!8 introduced another tech- 
nique to assess the electrical stability of the heart: re- 
petitive ventricular responses to single transthoracic or 
endocardial stimulation. The “repetitive ventricular 
response" after induction of a single ventricular pre- 
mature depolarization was found to occur frequently in 
animals with digitalis intoxication,!^!^ myocardial 
ischemia!6-18 and sympathetic stimulation.!9 All of 
these interventions are known to predispose the heart 
to the development of ventricular arrhythmias including 
ventricular tachycardia and ventricular fibrillation. 
Furthermore, in a study from that laboratory, a close 
correlation between the ventricular fibrillation 
threshold and the repetitive ventricular response was 
demonstrated with a variety of interventions.?? Thus, 
it appeared that repetitive, but self-limiting, ventricular 
responses to single ventricular premature depolariza- 
tions could be used to assess the electrical stability of 
the heart in experimental animals. This technique could 
possibly be used as a screening test in patients with 
ischemic heart disease to determine their propensity to 
manifest lethal ventricular arrhythmias. 

Greene et al.?! examined a group of 50 patients who 
had documented ventricular tachycardia. Repetitive 
ventricular responses after single ventricular depolar- 
izations occurred in 44 (88 percent) of the 50 patients. 
Furthermore, these investigators were unable to induce 
repetitive ventricular responses in any of the 12 patients 
who had no heart disease or history of arrhythmia. They 
used a right ventricular electrode catheter to introduce 
programmed single ventricular stimuli gated to atrial 
pacing at twice diastolic threshold scanning the diastolic 
period to ventricular refractoriness. They then pro- 
spectively examined 48 patients who had experienced 
a myocardial infarction 8 to 85 days before the study. 
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Nineteen of the 48 manifested repetitive ventricular 
responses to single premature ventricular depolariza- 
tions during sinus rhythm. Fifteen (79 percent) of the 
19 experienced sudden death?—death within 1 hour 
from the onset of symptoms in otherwise symptom-free 
patients—or symptomatic ventricular tachycardia! 
during the year after the myocardial infarction, or both. 
Of the 29 patients not exhibiting repetitive ventricular 
responses, 4 (14 percent) died suddenly and none had 
symptomatic ventricular tachycardia in the follow-up 
period. Thus, the predictive accuracy of this test to 
define a high risk subgroup of survivors of acute myo- 
cardial infarction appeared excellent. Schaeffer et al.?? 
subsequently used repetitive ventricular responses 
evoked in the same manner to test the effectiveness of 
drug therapy. The immediate suppression of these 
ventricular responses appeared to correlate with the 
long-term efficacy of long-term antiarrhythmic 
therapy. 

Unfortunately, the results of these studies have not 
been confirmed, and the data have stimulated a great 
deal of controversy at national meetings.???^ Elsewhere 
in this issue of the Journal, Mason?? describes electro- 
physiologic studies conducted at Stanford in 59 patients 
with documented recurrent sustained ventricular 
tachycardia. Thirty-four (58 percent) of the patients 
had ischemic heart disease, a group not dissimilar from 
the group reported on by Greene et al.?! Single right 
ventricular programmed stimuli were induced after 
spontaneous sinus beats with the technique of Greene 
et al.?! Repetitive ventricular responses were observed 
in only 9 (15 percent) of the 59 patients in contrast to 
the 88 percent of a similar group of patients studied by 
Greene et al.?! Thus, Mason reports that the sensitivity 
of this response is one sixth of that described by Greene 
et al. in patients with recurrent ventricular tachycardia. 
The small incidence of repetitive ventricular responses 
that induced the single ventricular depolarizations 
during sinus rhythm in patients with a history of re- 
current ventricular tachycardia was previously de- 
scribed by Josephson et al.?4 This group observed that 
ventricular tachycardia could be induced in only 3 of 21 
patients during sinus rhythm. Furthermore, in the study 
reported by Mason,?? patients who manifested repeti- 
tive ventricular responses had survival rates statistically 
similar to those of patients in whom the response was 
not elicited. 

Further analysis of the repetitive ventricular response 
by Mason?? demonstrates that of the nine instances of 
repetitive responses, four were probably due to bundle 
branch reentry. This benign form of repetitive response 
is a physiologic phenomenon that occurs when a pre- 
mature ventricular stimulus produces a retrograde 
impulse that induces a critical degree of His-Purkinje 
delay. In bundle branch reentry, the QRS complex is 
preceded by a His potential and has a similar morpho- 
logic pattern to that of the paced QRS complex. Because 
recordings of His potentials were not obtained in all of 
the patients studied by Greene et al.,?! it is impossible 
to know what proportion of the repetitive ventricular 


responses they observed were of the bundle branch 
reentry type. 


Incidence and Predictive Value of Test 


Among several possible explanations for the dis- 
crepancies that exist regarding the incidence and pre- 
dictive value of the induced repetitive ventricular re- 
sponses, one must consider differences in the design of 
the electrophysiologic studies as well as the character- 
istics of the patients. The incidence of repetitive ven- 
tricular response is dependent on the site of basic 
driving impulse. During ventricular pacing, Josephson 
et al.24 initiated repetitive ventricular tachycardia with 
single ventricular premature depolarizations in 10 of 21 
patients, whereas during sinus rhythm only 3 of 21 pa- 
tients manifested repetitive ventricular tachycardia 
after premature stimuli. However, in the study by 
Mason?’ as well as in the previously reported study by 
Josephson et al.,24 premature stimuli were coupled to 
spontaneous sinus rhythm. Greene et al.?! used atrial 
pacing at rates slightly in excess of sinus rates. Because 
ventricular activation would be similar, if not identical, 
during sinus rhythm and atrial pacing, the disparate 
incidence of repetitive ventricular responses could not 
be explained by the site of the basic pacing drive. 

Administration of antiarrhythmic drugs was con- 
tinued during the electrophysiologic studies in some of 
the patients studied by Greene et al.,?! whereas it was 
stopped before the electrophysiologic studies reported 
by Mason? and Josephson et al.24 Whether antiar- 
rhythmic drugs at different dosages and schedules may 
increase the propensity of the heart to manifest repet- 
itive ventricular responses is unclear. The details of the 
pulse generators and the current characteristics of the 
stimuli varied slightly among the published reports. 
Whether or not these subtle differences in the experi- 
mental design may have influenced the propensity of 
the heart to repetitive ventricular responses is unknown. 
After carefully examining the various reports on this 
subject, it seems as though the reproducibility of readily 
inducible repetitive ventricular responses could be the 
key difference in the studies reported by Greene et al.?! 
and those reported by other investigators.?*?? Joseph- 
son et al.24 required that during two of three testing 
procedures, the extra stimuli initiated sustained ven- 
tricular tachycardia. Mason!? required that initiation 
of ventricular tachycardia by extra stimuli occurred on 
two or more occasions. Greene et al.?! stated that the 
responses were reproducible, but did not define the 
limits. Furthermore, they stated that the catheters were 
repositioned if no ventricular responses were shown 
when the catheter was at the right ventricular apex. The 
degree to which this repositioning was required is not 
stated. Furthermore, as Mason points out in his study, 
multiple intracardiac electrograms are often edan 
to distinguish repetitive ventricular responses from 
aberrantly conducted supraventricular beats occurring 
after premature stimuli. Thus, the latter may have been 
confused with ventricular repetition in the study by 
Greene et al.” 
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Clinical Implications 

Although differences in experimental design, study 
groups, drug regimens and other factors were examined 
in an attempt to reconcile differences among the various 
studies, a review of the field leads to the inescapable 
conclusion that electrophysiologic studies with pro- 
grammed stimulation capable of introducing one or 
more extrastimuli and multiple intracardiac recording 
sites lead to a greater appreciation of the origin and 
mechanism of induced as well as spontaneous ventric- 
ular tachyarrhythmias. This approach will undoubtedly 
enhance understanding ôf the natural course of these 
arrhythmias as well as the possibility of tailoring in- 


EDITORIALS ~ 


terventions to abolish the potentially lethal arrhyth- 
mias. 

Finally, it is evident that complex presentations of 
ventricular electrical instability have no simple solu- 
tions. Characterizing the basic mechanisms and natural 
history and organizing approaches to therapy are in- 
tensely interesting but demanding fields of investigative 
cardiology that should remain in the sphere of active 
dedicated electrophysiology laboratories. Until the 
major questions of experimental design, utility, safety 
and approach to therapy are answered, this remains an 
investigative procedure whose practical application, 
although diligently pursued, is yet not established. 
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LETTERS TO THE EDITOR 


DIASTOLIC SEPTAL MOTION IN MITRAL STENOSIS 


Weyman et al.! have described the diastolic septal motion 
abnormality that correlates with underfilling of the left ven- 
tricle relative to the right ventricle in patients with mitral 
stenosis. Douglas? noted an augmentation of this abnormality 
during beats following long diastolic intervals in atrial fibril- 
lation. We have noted abnormal respiratory variations in 
echocardiographic ventricular dimensions in several patients 
with mitral valve disease in heart failure. One such example 
is illustrated in Figure 1, which depicts the echocardiogram 
at the chordal level in a 21 year old woman with rheumatic 
mitral stenosis who had pulmonary edema after the delivery 
of her first child. Marked posterior excursion of the inter- 
ventricular septum with inspiration is evident; paradoxic early 
diastolic septal motion is seen only in inspiratory cycles. In- 
deed, during expiration, diastolic septal motion is normal. 

^ "These observations suggest that note should be made of the 
point in the respiratory cycle in which diastolic septal motion 
is analyzed in patients with mitral stenosis and heart failure. 
Further, the relation between the septal motion abnormality 
and the inspiratory increase in right ventricular dimensions 
(and presumably volume) suggest that the increase in venous 
return to the right heart associated with inspiration augments 
the disproportion between left and right ventricular early 
diastolic filling that Weyman et al. have proposed as the he- 
modynamic correlate of this echocardiographic finding. 


Peter J. Engel, MD, FACC 
Noninvasive Cardiac Laboratory 
University of Cincinnati 

College of Medicine 

Cincinnati, Ohio 
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REPLY | 


The pathophysiologic mechanism suggested for respiratory 
augmentation of the abnormal diastolic septal motion is cer- 
tainly plausible and consistent with prior observations. We. 
also agree that, when marked respiratory variation in the 
pattern of septal motion occurs, the point in the cardiac cycle 
chosen for quantitation should be clearly noted. This is an 
interesting area whose hemodynamic and functional signifi- 
cance remains to be defined. 


Arthur E. Weyman, MD, FACC 
Department of Medicine 

Indiana University School of Medicine 
Indianapolis, Indiana 


REPLY Il 


Respiratory phasic changes in ventricular function have been 
of increasing interest to cardiologists as recent publications 
attest. However, in the 17 second M mode scan I presented, 
respiratory effects were negligible compared with the marked 
variation in R-R interval, left ventricular diastolic dimension 
and consequent systolic septal motion. In contrast, the in- 
spiratory early diastolic parallel motion of the septum and the 
left ventricular posterior wall in Engel's figure did not result 
in a phasic change in left ventricular end-diastolic or end- 
systolic diameter. This may be a function of a turgid cardio- - 
vascular system and slower heart rate in his patient. 

The increased ease with which one can obtain and process 
additional data with the echocardiogram will promote the type 
of analysis Engel suggests, thereby permitting refinement of 
earlier observations. 

John E. Douglas, MD, FACC 
Department of Medicine 
University of Auckland 
Auckland Hospital 
Auckland, New Zealand 
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Figure 1. Echocardiogram below the level of the mitral valve leaflets, showing diastolic septal motion abnormality (arrows) during inspiration only. ecg = electrocardiogram, insp. = inspiration, 


exp. — expiration. 
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CALENDAR OF EXTRAMURAL PROGRAMS 
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The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methedology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
Cialists educators and scientists in the field of 
Clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 

To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 
individu- eral Hospital, Buffalo, NY 

ally 

JUNE Cardiovascular Nuclear Medicine: 


5-7 1980. Lawrence S. Cohen, FACC, 
Alexander Gottschalk and Barry L. Zaret, 
FACC, directors. Yale University School 
of Medicine, New Haven, CT 


JUNE 
9-11 


Frontiers in Coronary Artery Disease. 
Robert J. Capone, FACC, Richard A. 
Carlton and Richard S. Shulman, FACC, 
directors. Sheraton-Islander Inn, New- 
port, RI 


JUNE 
11-14 


Seventh Annual Symposium on Clinical 
Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagan, FACC, director 
and Walter V. R. Vieweg, FACC, co- 
director. Sheraton Harbor Island Hotel, 
San Diego, CA 


Tutorials in the Tetons: Cardiac Emer- 
gencies—New Diagnostic and Thera- 
peutic Advances (Sixth Annual). Robert 
à S. Eliot, FACC, director and Alan D. 
` Forker, FACC and Gerald L. Wolf, co- 
directors. Jackson Lake Lodge, Moran, 
WY 


Advanced Echocardiography. Harvey 
Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Randall L. Caldwell, FACC, eo-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 


JUNE THROUGH DECEMBER 1980 


SEPT. Mechanisms and Therapy of Cardiac 

29- Arrhythmias. Leonard S. Dreifus, FACC 

OCT. and Yoshio Watanabe, FACC, co-di- 

2 rectors. Philadelphia Marriott Motor 
Hotel, Philadelphia, PA 


Can the Natural History of Coronary 
Artery Disease Be Altered? Recent 
Progress and Future Directions in 
Medical and Surgical Therapy. Richard 
R. Miller, FACC, director and Michael E. 
DeBakey, FACC and Antonio M. Gotto, 
Jr., FACC, co-directors. Galleria Plaza, 
Houston, TX 


OCT. 
3-5 


OCT. Electrocardiography: Core Curriculum 

6-9 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Indianapolis Hilton 
Downtown, Indianapolis, IN 


New Techniques and Concepts in 
Cardiology. Coronary Artery Disease: 
Vasodilators, Calcium Antagonists, 
Balloon Dilatation, Non-invasive Di- 
agnosis; Valvular Heart Disease; Hy- 
pertrophic Cardiomyopathy. Stephen 
E. Epstein, FACC, director. Hyatt Re- 
gency Hotel, Washington, DC 


OCT 


R Clinical Decisions in Cardiac Surgery. 
23-25 


Stanley K. Brockman, FACC, Albert N. 
Brest, FACC and William S. Frankl, 
FACC, directors. Fairmont Hotel, Phila- 
delphia, PA 


Fourth Annual Seminar. Cardiology 
30- Update 1980. Wiliam W. Parmley, 
FACC and Kanu Chatterjee, FACC, di- 
1 rectors. Del Monte Hyatt House, Mon- 
terey, CA 
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NOV. Cardiac Pacing. Doris J. W. Escher, 

5-7 FACC and Seymour Furman, FACC, di- 
rectors. The New York Hilton, New York, 
NY 

NOV. Advances in Heart Disease 1981. Dean 


29- T. Mason, FACC, director. Fairmont 


DEC. Hotel, San Francisco, CA 
1 
DEC. Two-Dimensional Echocardiography 


4-6 vs. Cardiac Nuclear Imaging. Joel 
Morganroth, FACC, director, Leonard S. 
Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg, VA 
DEC. Cardiovascular Disease: Challenge of 
12-14 the 80's. Henry |. Russek, FACC, di- 


rector, Sheraton Centre, New York, 
NY 
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LEARNING CENTER: PROGRAM CALENDAR 





The American College of Cardiology's Learning Center is located at For additional information or a complete program calendar, contact the 
the College's headquarters in Bethesda, Maryland. The purpose of the Program Registrar, Heart House Learning Center, American College 
Learning Center is to support professional commitment to quality patient of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
care by providing a standard of excellence in continuing medical edu- Telephone (301) 897-5400. 

cation. 





JUNE THROUGH DECEMBER 1980 


AD nnn ne eee n n n n 


Month/Dates Program Director Title of Program 
June 2-4 Borys Surawicz, MD Advanced Cardiac Electrophysiology for Cardiologists 
July 14-16 Arthur D. Hagan, MD Fundamentals of Clinical Echocardiography for the Non-Echocardiographer 
July 24-26 Victor F. Froelicher, Jr., MD Exercise Testing 
à L. McHenry, MD 
Sept. 15-16 Douglas P. Zipes, MD Pacing Frontiers: Physiological Pacing and Arrhythmia Control 
Sept. 22-24 Sylvan Lee Weinberg, MD CCU Update for Nursing Supervisors 
Sept. 29, 30, Oct. 1 Max Harry Weil, MD Emergency Care of the Critically IIl Patient 
Oct. 8-10 William W. Parmley, MD Noninvasive Techniques: Sensitivity and Specificity 
Oct. 15-17 Arthur D. Hagan Update in Cardiovascular Techniques and Principles for the Technologist 
Oct. 20-21 Joseph K. Perloff, MD Functional Anatomy of Heart Disease: Clinician and Pathologist 
Oct. 29-31 Robert S. Eliot, MD Behavioral Methods for Clinical Cardiologists 





30TH ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 
MARCH 15-19, 1981 SAN FRANCISCO, CALIFORNIA 
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| | (E.Z. SPLIT**) Oral Tablets: 5 mg, 10mg, 20 mg, and 30mg 
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"Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: —  . —— 1. 
"Possibly" effective: When taken by the oral route, Isordil is indicated for 
the relief of angina pectoris (pain of coronary artery disease). It is not in- 
tended to abort the acute anginal episode, but is widely regarded as 
useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. | 
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often indicated | | Contraindication: Idiosyncrasy to this drug. 
| | | Warnings: Data supporting the use of nitrites and nitrates during the early 












E days of the acute phase of myocardial infarction (the period during which clin- 
ee poean ical and laboratory findings are unstable) are insufficient to establish safety. 


a, M aN Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
-- a nitrates may occur. 
fetaelsptal) Mae wae wth Bate le) ee Adverse Reactions: Cutaneous vasodilation with flushing. Headache is com- 
PRM ET 4 bie SES. oe eee laS. mon and may be severe and persistent. Transient episodes of dizziness and 
BQsQeetaecnis | | Sg E gE S gi weakness as well as other signs of cerebral ischemia associated with 

FUP postural hypotension may occasionally develop. This drug can act as a 

(ISOSORBIDE DINTRATE) Oral Tablets ee antagonist to norepinephrine, acetylcholine, histamine, and 
| many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 

weakness, restlessness, pallor, perspiration and collapse) can occur even 


with the usual therapeutic dose. Alcohol! may enhance this effect. Drug rash 
and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional samples? 








VES LAI Yves 
New York, NY 10017 (&) 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE * 


* US Pat Nos. 3883647 and D224591 
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THE LOGICAL CHOICE 
IN BIPOLAR PACING 







SLIM & 
PROGRAMMABLE 






Model 271E 


PME RM 
US 
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Model 280VVI 








The slim (12mm), lightweight (60gm) and | The model 271E offers a wide range of 
compact design maximizes patient comfort | programmable rates as well as a choice of 
and cosmetic appeal. output voltages. 


Over/under connector configuration keeps | Successfully eliminates muscle stimulation 
lead lengths equal and prevents lead | atthe pulse generator site and minimizes the 


deformation. 


effects of myopotential inhibition and 
electromagnetic interference. 





TELECTRONICS 


U.S.A.: 8515 East Orchard Road, Englewood, Colorado 80111, Australia (and the rest of the world) 
(303) 779-4670; (800) 525-7001 2 Sirius Road, Lane Cove, Sidney, NSW 2066, 


(Telex: Medte! AA20576) 


Canada: 6299 Airport Road, Mississauga, Ontario L4V1N3, Europe: 35 Ivor Place, London, NW1, UK, 


(416) 676-9805 


(Telex (51) 27950) 


For Short-Term 
c Support in Patients with 
Output Cardiac Failure 











Selectively Increases Dobutrex 
Myocardial Contractility 
with Consistent - 
Hemodynamic Improvements Dobutamine HCI 


For I.V. Injection 
250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 








—— 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. /ncrease in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may,be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revecled no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
shouid be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
thct the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncreosed Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
cre dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivesy Rate 


Due DEVE er be 
Rate 250 mcg/ml* 500 mcg/mlt 1000 meg/mit 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be acjusted accord- 
ing to the patient's response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central vencus or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. (081678) 


Additional information available to 
S the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 


IMPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


SCAN REEL-TO-REEL, CARTRIDGE, 
OR CASSETTE RECORDINGS. 
The Trendsetter handles all. 


DETECT ARRHYTHMIAS WITH 
UNPARALLELED ACCURACY. 


The system's Arrhythmia Analyzer is "operator-taught" 


to recognize each patient's unique nórmal and variant 
wavetorms, and to compare all subsequent waveforms 
to the learned patterns. The Analyzer then categorizes 
and counts all such waveforms— making arrhythmia 
detection precise and specific for each patient. 


REDUCE PROCESSING TIME 
ITH NEW X240 SCANNING SPEED. 
Selectable scan speeds of X240, X120 or X60 provide 


the operator with a speed-control range to assist in gen- 


erating comprehensive reports rapidly —all with com- 
plete accuracy. 


EVALUATE AMBULATORY ECG, BLOOD 
PRESSURE, AND PACEMAKER RECORDINGS 
WITH A SINGLE INTEGRATED SYSTEM. 

The Trendsetter learns, examines, tabulates, 

and formats reports of all recorded data. 
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EL MAR AVIONICS 


301 Alton Avenue at Red Hill, Irvine, CA 92714 
elephone (714) 549-1500 Telex 68-5621 


or more information, call any one of our Corporate Sales and Service Offices: 
TLANTA (404) 952-0612 DALLAS (214) 350-5881 
ALTIMORE (301) 561-0990 DENVER (303) 344-510] 
OSTON (617) 942.0230 
HARLOTTE (704) 373-1206 
HICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
pLEVELAND (216) 866-4063 


DETROIT (313) 559-6863 
*EDISON, NJ (201) 548-6600 
HOUSTON (713) 692-3122 
* JACKSONVILLE (904) 642-1694 
KANSAS CITY (816) 373-1117 


' Factory authorized representatives 


"LAS VEGAS (702) 876-1915 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 941-6030 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 


SELECT REPORT FORMATS TAILORED TO 
YOUR DIAGNOSTIC NEEDS. 


Select the information you require to better manage each 


patient: 

m Trend records of heart rate 

B ST segment level and blood pressure 
a 2-channel ECG documentation 


m Hourly tabulations of ECG activity, pacemaker activity, 


and blood pressure 
m Graphic/histographic charts of recorded data 
B Any combination you predetermine 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 







"OKLAHOMA CITY (405) 677-3369 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 


* SEATTLE (206) 364-2940 
ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 


PITTSBURGH (412) 563-1312 ATHENS 671-7170, Telex 214227 

SAN DIEGO (714) 225-0465 EXSE GR) 

SAN FRANCISCO (415) 349-9102 BRUSSELS 720-7405, Telex 61791 
* SALT LAKE CITY (801) 268-1997 (Avonix B) 


© March 1980, Del Mar Avionics Printed in U.S.A. . 


Northwestern University Medical School 
Divisions of Cardiothoracic Surgery, Cardiology 
and Nuclear Medicine 


CARDIAC SURGERY 1980 
PATIENT SELECTION, PERIOPERATIVE MANAGEMENT, AND 
APPLICATION OF NONINVASIVE DIAGNOSTIC METHODS TO 
CARDIAC SURGICAL PATIENTS 


September 7-9, 1980 


Chicago, Illinois 


A distinguished national faculty of cardiologists, cardiac surgeons, and specialists in nuclear 
medicine and echocardiography will present their experiences with the medical and surgical 
management of patients who undergo cardiac surgery. In addition, they will describe the 
practical application of radiopharmaceutical and echocardiographic techniques to the 
diagnosis and evaluation of such patients. 


For further information contact: Patricia McClure, Northwestern University Medical School, 
(Ward 1-004), 301 E. Chicago Ave., Chicago, Illinois 60611, Telephone: 312/649-8533. 








Saffola fights cholesterol 
. betterthan 
any corn oil margarine. 
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: Higher in beneficial po nsaturates. 
... Contains no cholesterol. And tastes great. 


Saffola is beneficial as part of a fat modified diet to help reduce serum cholesterol. 





How to keep a close watch with your back turned. 


Machines don't save lives, 
people do. And our Lifepak” 6 
defibrillator/monitor is conceived 
and built with one goal in mind — 
to help you deal successfully with 
critical cardiac emergency. 

It functions as your partner. 
It watches constantly, unblinkingly. 
It feeds you information visibly on 
the digital rate meter, on the scope 
and on the recorder. It audibly tells 
you what s happening through the 
QRS beeper and high and low rate 
alarms. If there's trouble —fib- 
rillation — you hear about it the 
moment it happens. And the 
Lifepak 6is ready to help you deal 
with it. Large, color-coded function 
buttons. Clear instructions. Simple 
controls. 

You see, no other company in 
the world has had more experience 
with emergency defibrillation. And 
being as close to the field as we 
are, we have the keenest possible 
appreciation for the situation in 
which our devices are employed. 
Machines don't save lives, people 
do. And people dealing with car- 
diac emergencies need all the help 
they can get. Thats why the design 
of our machines, the engineering 
of our machines, and the servicing 
of our machines is absolutely the 
finest. Count on it. 


í 





Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 
(206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks 


Cardiac crisis: 


«ventricular tachycardia ~ 
«ventricular fibrillation — ;* 





BRETYLOL — 


 (bretylium tosylate) 


Unique antifibrillatory-antiarrhythmic effect 
Unique mechanism of action 
Unique safety: no cardiac depression 


Bretylol’ (bretylium tosylate), the unique 

new antifibrillatory-antiarrhythmic, provides 
lifesaving effects in the suppression of life- 
threatening ventricular arrhythmias unresponsive 
to lidocaine. 


-See last page of this advertisement for prescribing information. 








BRETYLOL - 


(bretylium tosylate). 





Lifesaving potential 








in refractory ventricular arrhythmias 


Unique antifibrillatory-antiarrhythmic effect 


Studies in laboratory animals demonstrate that 
Bretylol significantly raises the ventricular fibrillation 
threshold with a consistency and magnitude that ap- 
pears to be unique among antiarrhythmic agents! 

Bretylol (in conjunction with electrical cardio- 
version) frequently restores a normal sinus rhythm 
within minutes following intravenous injection in 
patients with ventricular fibrillation who have not 
responded to lidocaine. 

Bretylol often controls ventricular tachycardia and 
other life-threatening ventricular ectopic rhythms, 
even when recurrent or refractory to lidocaine. 

Clinically, Bretylol exhibits specific therapeutic 
effectiveness against refractory ventricular arrhyth- 
mias of various etiologies; for example, ventricular 
fibrillation and/or tachycardia associated with myo- 
cardial infarction29.'? open heart surgery/?'? and 
ischemic heart disease’ In one review of published 
experimental and clinical experiences with Bretylol?' 
the authors state, "clinical experience indicates that 
bretylium (Bretylol®) is frequently effective in the 
acute control of recurrent ventricular tachycardia or 
fibrillation resistant to other antiarrhythmic drugs... 
(and)...response of refractory ventricular arrhyth- 
mias to bretylium has been impressive." 


Unique safety 
Unlike other antiarrhythmics, Bretylol does not de- 
press cardiac function or exert a negative inotropic 
effect? 

There are no reports of Bretylol causing toxicity to 
any of the organs, including liver, kidney, heart, bone 
marrow, blood or central nervous system. 


Therapy is generally well tolerated, and treatment 
is seldom discontinued because of adverse effects. 

Reductions in blood pressure (usually orthostatic) 
may occur as a result of adrenergic blockade. If the 
patient is kept supine, the reduction in blood pres- 
sure is not usually clinically significant. Serious 
supine hypotension can occur in a few patients. 
Moreover, hypotension sometimes observed with 
Bretylol is not necessarily increased when the 
dosage is increased. 


Unique cardiac effect 


In laboratory studies Bretylol demonstrates a posi- 
tive inotropic effect on the myocardium. Clinical 
reports confirm that Bretylol maintains cardiac out- 
put and does not depress myocardial function? 

Therefore, when used as an antiarrhythmic 
Bretylol should not interfere with the major thera- 
peutic goal in the M.I. or post-open heart patient— 
the preservation of cardiac function. 

It is recommended that the clinician consult the 
full prescribing information for dosage instructions 
and possible adverse effects prior to using Bretylol. 
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BRETYLOL 55: 





Brief Summary of Prescribing Information 


CLINICAL PHARMACOLOGY — BRETYLOL (bretylium tosylate) suppresses ventricular 
fibrillation and ventricular arrhythmias. The mechanisms of the antifibrillatory and anti- 
arthythmic actions of BRETYLOL are not established. In efforts to define these mech- 
anisms, the following electrophysiologic actions of BRETYLOL have been demonstrated 
in animal experiments: 


1. Increase in ventricular fibrillation threshold. 

2. cre in action potential duration and effective refractory period without changes 
in heart rate. 

3. Little effect on the rate of rise or amplitude of the cardiac action potential (Phase 0) 
or in resting membrane potential (Phase 4) in normal myocardium. However, when cell 
injury Slows the rate of rise, decreases amplitude, and lowers resting membrane poten- 
tial, BRETYLOL restores these parameters toward normal. 

4. Increase in impulse formation and spontaneous firing rate of pacemaker tissue as 
well as increased ventricular induction velocity. 


The restoration of injured myocardial cell electrophysiology toward normal, as well as 
the increase of the action potential duration and effective refractory period without 
changing their ratio to each other, may be important factors in suppressing reentry of 
aberrant impulses and decreasing induced dispersion of local excitable states. 

BRETYLOL has a positive inotropic effect on the myocardium, but it is not yet certain 
whether this effect is direct or is mediated by catecholamine release. 

BRETYLOL is eliminated intact by the kidneys. In various studies of BRETYLOL 
excretion, estimates of the terminal half-life have varied from about 5 to about 10 hours, 
with an even wider range in individual subjects (4 to 17 hours). Whether this represents 
true intrapatient variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart rate when 
BRETYLOL is administered, but this is an inconsistent and transient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of BRETYLOL 
to patients with acute myocardial infarction, there was a mild increase in arterial pressure, 
followed by a modest decrease, remaining within normal limits throughout. Pulmonary 
artery pressures, pulmonary capillary wedge pressure, right atrial pressure, cardiac index, 
Stroke volume index, and stroke work index were not significantly changed. These hemo- 
dynamic effects were not correlated with antiarrhythmic activity. 


Onset of Action: Suppression of ventricular fibrillation is rapid, usually occurring within 
minutes following intravenous administration. Suppression of ventricular tachycardia and 
other ventricular arrhythmias develops more slowly, usually 20 minutes to 2 hours after 
parenteral administration. 


INDICATIONS — BRETYLOL is indicated in the treatment of life-threatening ventricular 
arrhythmias, principally ventricular fibrillation and ventricular tachycardia, that have failed to 
respond to adequate doses of a first-line antiarrhythmic agent, such as lidocaine or procain- 
amide. At this time, BRETYLOL should not be considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary care units or 
other facilities where equipment and personnel for constant monitoring of cardiac 
arrhythmias and blood pressure are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 hours in 
the oqset of antiarrhythmic action, although it appears to act within minutes in ventricular 
fibrillation. The delay in effect appears to be longer after intramuscular than after intra- 
vengus injection. 

CONTRAINDICATIONS — There are no contraindications to use in treatment of ventri- 
cular fibrillation or life-threatening refractory ventricular arrhythmias. 
WARNINGS — Administration of BRETYLOL regularly results in postural hypotension. 
Some degree of hypotension is present in about 50% of patients while they are supine. 
gypotension may occur at doses lower than those needed to suppress arrhythmias. 















Patients should be kept in the supine position until tolerance to the hypotensive 
effect of BRETYLOL develops. Tolerance occurs unpredictably but may be present 
after several days. 






Hypotension with supine systolic pressure greater than 75 mm Hg need not be treated 
unless there are associated symptoms. If supine systolic pressure falls below 75 mm Hg, 
an infusion of dopamine or norepinephrine may be used to raise blood pressure. When 
Catecholamines are administered, a dilute solution should be employed and blood pressure 
monitored closely because the pressor effects of the catecholamines are enhanced by 
BRETYLOL. Volume expansion with blood or plasma and correction of dehydration should 
be carried out where appropriate. 

Due to the initial release of norepinephrine from adrenergic postganglionic nerve 
terminals by BRETYLOL, transient hypertension or increased frequency of premature ven- 
tricular contractions and other arrhythmias may occur in some patients. 

The initial release of norepinephrine caused by BRETYLOL may aggravate digitalis 
toxicity. When a life-threatening cardiac arrhythmia occurs in a digitalized patient, 
BRETYLOL should be used only if the etiology of the arrhythmia does not appear to be 
digitalis toxicity and other antiarrhythmic drugs are not effective. Simultaneous initiation 
of therapy with digitalis glycosides and BRETYLOL should be avoided. 

In patients with fixed cardiac output (i.e., severe aortic stenosis or severe pulmonary 
hypertension) BRETYLOL should be avoided since severe hypotension may result from 
a fall in peripheral resistance without a compensatory increase in cardiac output. If 
survival is threatened by the arrhythmia, BRETYLOL may be used but vasoconstrictive 
catecholamines should be given promptly if severe hypotension occurs. 


USE IN PREGNANCY — The safety of BRETYLOL in human pregnancy has not been 
established. 


USE IN CHILDREN — The safety and efficacy of this drug in children has not been 
established. 


PRECAUTIONS —BRETYLOL should be diluted (one part BRETYLOL with four parts of 
Dextrose Injection, USP or Sodium Chloride Injection, USP) prior to intravenous use. 
Rapid intravenous administration may cause severe nausea and vomiting. Therefore, the 
diluted solution should be infused over a period greater than 8 minutes. In treating existing 
ventricular fibrillation BRETYLOL should be given as rapidly as possible and may be 
given without dilution. aTi 

When injected intramuscularly, not more than 5 ml should be given in a site, and 
injection sites should be varied since repeated intramuscular injection into the same site 
may Cause atrophy and necrosis of muscle tissue, fibrosis, vascular degeneration and 
inflammatory changes. 

Since BRETYLOL is excreted principally via the kidney, dosage should be reduced in 
patients with impaired renal function. 


ADVERSE REACTIONS —Hypotension and postural hypotension have been the most 
frequently reported adverse reactions. Nausea and vomiting occurred in about three percent 
of patients, primarily when BRETYLOL was administered rapidly by the intravenous route. 
Vertigo, dizziness, light-headedness and syncope, which sometimes accompanied postural 
hypotension, were reported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions, transitory hyper- 
tension, initial increase in arrhythmias (see Warnings section), precipitation of anginal 
attacks, and sensation of substernal pressure have also been reported in a small number 
of patients, i.e., approximately 1-2 patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous macular rash, flush- 
ing, hyperthermia, confusion, paranoid psychosis, emotional lability, lethargy, generalized 
tenderness, anxiety, shortness of breath, diaphoresis, nasal stuffiness and mild conjunc- 
tivitis, have been reported in about 1 patient in 1000. The relationship of BRETYLOL 
administration to these reactions has not been clearly established, 


HOW SUPPLIED —NOC 0094-0012-10: 10 ml ampul containing 500 mg bretylium 
tosylate in Water for Injection, USP. January 1980 
Please refer to complete prescribing information prior tc use. 


.;$. American Critical Care 
¿2223:: (formerly Arnar-Stone Laboratories) 
*** — Division of 
American Hospital Supply Corporation 

McGaw Park IL 60085 
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Noninvasive quantification of left 
ventricular wall stress, 782 

Value of the tricuspid valve echogram for 
estimating right ventricular 
end-diastolic pressure during 
vasodilator therapy, 966 

Ventricular septum 

Early repair of ventricular septal rupture 
after infarction, 345 

Hypertrophic cardiomyopathy, 141 

Two dimensional echocardiographic 
visualization of ventricular septal 
rupture after acute anterior myocardial 
infarction, 370 

Ventricular volumes 

Nongeometric determination of left 

ventricular volumes from equilibrium 
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blood pool scans, 293 
Ventricular volume characteristics of 
single ventricle before corrective 
surgery, 806 
Ventricular wall motion 
Left ventricular regional wall motion 
assessment by multigated and 
end-diastolic, end-systolic gated 
radionuclide left ventriculography, 1211 
Nuclear cardiology. |. radionuclide 
angiographic assessment of left 
ventricular contraction: uses, 
limitations and future directions, 661 
Sequential studies of left ventricular 
function and wall motion after coronary 
arterial bypass surgery, 210 
Ventricular wall stress 
Noninvasive quantification of left 
ventricular wall stress, 782 
Ventriculography, radionuclide 
Left ventricular ejection fraction 
determined by radionuclide 
ventriculography in early stages of first 
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transmural myocardial infarction, 542 
Regional left ventricular function in acute 
myocardial infarction: evaluation with 
quantitative radionuclide 
ventriculography, 203 
Verapamil 
Effect of verapamil on left ventricular 
isovolumic relaxation time and regional 
left ventricular filling in hypertrophic 
cardiomyopathy, 1258 
Effect of verapamil on regional coronary 
and myocardial perfusion during acute 
coronary occlusion, 269 
Wolff-Parkinson-White syndrome 
Treadmill exercise testing in the 
Wolff-Parkinson-White syndrome, 742 
Use of ajmaline in patients with the 
Wolff-Parkinson-White syndrome to 
disclose short refractory period of the 
accessory pathway, 130 
Work status 
Surgical versus medical therapy for 
treatment of unstable angina: changes 
in work status and family income, 134 








Take a close look at Compu-Scart 


The future in Holter Technology 


* The inaccuracy of first and 
second generation Holter 
Ectopic Counters is legend. 
These analog-based voltage 
measurements have proven so 
inaccurate in fact that most 
users preferred to disbelieve the 
ectopic counters and count on 
their own visual identification of 
abnormal beats. 


But now there's Compu-scan 


... the eye that never looks away. 


A new generation in Holter 
systems, Compu-scan utilizes 
.9 microcomputer to build in 
memory an average or typical 
complex for each patient. 
The “normal” is constantly up- 
dated as the patient's activity 
changes. In microseconds, 
the computer makes all of the 


calculations on each new 
QRS complex that the human 
mind would take minutes to 
determine. It’s a quantum 
leap ahead in ectopic beat 
recognition . . . both in speed 
and accuracy. 


e Only Compu-scan can scan 
tapes produced on virtually 


any Holter recorder, cassette, 


reel to reel, direct recording 
or FM. 


e [he large 15" monitor 
provides over a minute of 
ECG on the screen at one 
time, plus up to 512 seconds 
in mernory. 


e Complete summary reports 
and graphics are produced 
on Compu-scan's high speed 
line printer while summary 
graphs and reports are 
displayed in color on the 
Color-graphics display. 


e Modular in design, Compu- 
scan can be incorporated 
into your facility a step at 
a time as your needs dictat 
Take a close look at Compu 
scan and you'll see the futul 
in Holter technology. 

For the complete Compu-Scat 


brochure, call us toll free, 
800-638-2896, 
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Hittman Medical Systems, Inc 


9151 Rumsey Road 
Columbia, Maryland 21045 
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Compu-scan...the eye 
that never looks away 


Distributed in Europe and the Middle East by Kontron International 










7. NOW AT YOUR FINGERTIPS. ... NITROSTAT* 
the knowledge of world- renowned specialists to help iniirogiyogrin Ipo, USP) 
you understand, diagnose, and manage infections INDICATIONS 


Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


which strike patients with: 
Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / 















































Hepatic Insufficiency / Allograft Transplantation, etc. 


INFECTIONS [ec 


IN THE ABNORMAL HOST INF aNORMA 


Edited by Michael H. Grieco, M.D. Hos! 
Text by 47 Specialists. illustrated with 147 
Drawings and Photos, 78 in Full Color 





Infections in the Abnormal Host discusses ae 
in 36 revealing chapters the mechanics of ee 
host defenses. The disorders and infections vim 
associated with them. And the latest treat- ! 
ments from chemotherapy to passive and i 

active immunotherapy. 


A well-detailed index gives you instant access to every pro- 
cedure and treatment discussed by this specialist team from St. 
Luke's-Roosevelt Hospital in New York City. Consultation and 
study of Infections will help you understand, diagnose and man- 
age the many infections which strike patients whose defense 
mechanisms are down. 

Check this list of chapters 
PARTI HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities « The Complement System in Human Disease * Structure and 
Function of Immunoglobulins » Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions * Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function « Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction « Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to Nosocomial Infections * The Effects of Malnutrition on 
Host Responses and the Metabolic Sequelae of Infections e Humoral and 
Cellular Responses to Infection 


PART II INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


* Pyogenic Bacterial Infections » Higher Bacterial and Fungal Infections « 
Mycobacterial Infecticns * Viral and Chlamydial Infections * Protozoal 
and Helminthic Infections » Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host « Infections in Parenteral Narcotic 
and Drug Abusers « Infections Complicating Uremia and Organ Trans- 
plantation « Infections in Patients with Neoplastic Diseases * Infections 
Complicating Diabetes Mellitus * Diagnosis and Treatment of Diffuse 
Pneumonias « Host Deficiency States and Central Nervous System Infec- 
tions * Genitourinary Infections « Infections Complicating the Rheumatic 
Diseases « Endovascular and Prosthetic Implant Infections » Intraocular 
Manifestations of Systemic Infections « Selected Histopathologic Respon- 
ses * The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Ill MANAGEMENT 


« Antimicrobial Therapy in the Compromised Host: Resistance, Pharma- 
cology and Toxicity « Chemotherapy for Viral and Chlamydial Infections » 
Chemotherapy for Protozoal and Helminthic Infections * Infection Preven- 
tion in Patients with Cancer and Granulocytopenia « Immunologic Re- 
constitution » Gamma Globulin and Vaccine Therapy * Index 


YORKE MEDICAL BOOKS 

666 Fifth Avenue/New York, N.Y. 10019 
Please send, on approval, copies of INFEC- 
TIONS IN THE ABNORMAL HOST, edited by Michael 
H. Grieco. | will be free to read and consult the book in 
any and all relevant situations for 30 days. If | am not 
convinced it is a valuable professional tool, | will return 
it and owe nothing. Otherwise | will remit $65.00. 


O Send invoice, plus shipping 

C] Payment enclosed, publisher pays shipping (same return 
privilege) 

(] Charge my credit card 





[.] Master Charge O Visa 





CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 
used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 
should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 


of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use: Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 

Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 


ience Packages of four bottles of 25 tablets each. 


0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
bottle of 100 tablets; 
N 0071-0568-13— Convenience Package. 

0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
bottle of 100 tablets; 
N 0071-0569-13— Convenience Package. 

0.4 mg (1/150 grain): N 0071-0570-24 [06]— 
bottle of 100 tablets; 
N 0071-0570-13— Convenience Package. 

0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
bottle of 100 tablets; 
N 0071-0571-13— Convenience Package. YF 


Card No. Expiration date 
Name 
(please print) 
opns PARKE-DAVIS 
City State Zip Div of Warner-Lambert Co 


(New York residents include sales tax. Add $5.00 for shipping outside: 
Western Hemisphere and include payment or credit card number with 


order.) AJC-6/80 ai 


A130 


Morris Plains, NJ 07950 USA 


PD-JA-0143-2-P(4-80) 


Nitrostat 
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I | "Five-year expiration date when stored at recommer 
For brief summary of the prescribing information, please see storage conditions in an unopened bottle. mot aged a 


the preceding page. © 1980 Wamer-Lambert Company Parke-Davis. 





MAIL XOU 
"*thin pacemakers 
were only  : 
ideas, 


ThinLith. The original thin, lightweight 
acemaker that continues to set standards for the 
idustry, worldwide. Since mid-1977, when Intermedics 
ioneered the thin pacemaker, many competitors have 
lowed with their own versions. 


'"ERMEDICS PULSE GENERATORS 

JICATIONS FOR USE Implantable cardiac pulse generators may be indicated for 
g-term treatment of impulse formation and conduction disorders resulting in symp- 
1atic bradyarrhythmias, tachyarrhythmias, and heart block unresponsive to drug 
rapy. 

ECAUTIONS Implanted pacemakers have a finite and relatively wide variable ser- 

e life as a result of factors such as the initial capacity of the battery and the shelf stor- 
etime of the manufactured pacemaker; variations in electrode system resistances, 
nulation rate, and the percentage of time the implanted pacemaker is inhibited; and 
\dom electronic component failures. 


But while they were playing catch-up, the 
ThinLith pacemaker was acquiring a 3-year record of 
real time clinical experience in vivo. No other thin 
pacemaker commercially available in the U.S. today = 
can match this record. 


Pacemaker operation can be influenced by electric, magnetic, or electromagn@ic 
energy mimicking normal cardiac activity. In addition, certain environmental sources 
can couple sufficient energy into a pacemaker system to damage the pulse generator. 4 
Specifically, diathermy should not be used on pacemaker patients because of possibl& 
total inhibition of the pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fibrillation; defibrillation can 
damage the pacemaker, and the presence of the pacemaker may cause increased 
cardiac muscle damage from defibrillation. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted cardiac pacemaker system. 





Was 


building a 
3-year record of 
proven performance. 


ThinLith II] E 
CMOS Model 229-01 
do 
lntermedics Inc. 
FREEPORT, TEXAS 


The ThinLith pacemakers remain among the 
smallest and lightest on the market. Their proven record 
rformance and reliability means that vou and vour 
patient can count on them vear after year. 
Intermedics ThinLith pacemakers are available 


} 


/ 


Fg complete precautions, see the Physician’s Manual for the Intermedics cardiac 
pulse generator to be used. 

ONTRAINDICATIONS AND SIDE EFFECTS There are no known contraindications to 
the use of pacemakers as a medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle and nerve stimulation, em- 
bolism, and cardiac tamponade have been reported. 


Copyright, 1980, Intermedics, Inc. 
ThinLith" isa registered trademark of Intermedics, Inc. 





to you with stimulation rates from 60 to 100 ppm and: 
universal connector which accepts most pacing leads 
without an adapter. 

For more information, contact your Intermedic 
Representative, or call us toll-free at 800-231-2330. 


N^ 
4 Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 - 





Our business is life." EF 
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DIULO '" (metolazone) 2'/2-mg., 5-mg. and 10-mg. tablets Before prescribing, 
see complete prescribing information. The following is a brief summary: 
Indications: Diulo (metolazone) is an antihypertensive diuretic indicated for 
the management of mild to moderate essential hypertension as sole 
therapeutic agent and in the more severe forms of hypertension in 
conjunction with other antihypertensive agents. Also, edema associated 
with heart failure and renal disease. Contraindications: Anuria, hepatic 
coma or precoma; allergy or sensitivity to metolazone. Warnings: In theory, 
cross-allergy may occur in patients allergic to sulfonamide-derived drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particular 


TEM. fF. ^w. MEL Wa a er 42 à O a a 


ṣyney Tunction declines 


Azotemia and hyperuricemia may be noted or precipitated. Considerable 
potentiation may occur when given concurrently with furosemide. When 
added to other antihypertensives, the dosage of the other agents shoulJ be 
reduced. Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women or those o* 
childbearing age requires that potential benefits be weighed against 
possible hazards to the fetus. Metolazone appears in the breast milk. Not 
recommended for pediatric use. Precautions: Perform periodic examination 
of serum electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, hypochloremic 
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with age... b vy O 
(VETOLAZONE) 


Statistics released by the National Institute on A ging show that 
renal function decreases with age — a decline most predictable in 
middle and old age, at just the time when hypertension often 
manifests itself. Thus, at some clinically unpredictable point, the 
pharmacology of a particular diuretic may no longer match your 
patient's pathophysiology; thus, therapy may become less 
effective. Because precise evaluation of renal function is often 
impracticable in the outpatient setting, it makes sound clinical 
sense to use a diuretic that continues to be effective as kidney 
function declines. 


Diulo works to lower blood pressure when kidney function is 
normal and may even produce diuresis and blood pressure 
reduction in patients with glomerular filtration rates below 20 
ml/min. Through a unique secondary mode of action, it exerts an 
effect that differs from that of the thiazides or chlorthalidone. 


Diulo permits a dosage regimen of one tablet a day, which 
encourages patient compliance. Furthermore, peak activity occurs 
during waking hours, minimizing the potential for nighttime 
urination. 


Searle Laboratories 

Division of Searle Pharmaceuticals Inc. 
Box 5110 

Chicago, Illinois 60680 


, when there is excessive vomiting or diarrhea, or when parenteral fluids are vertigo, headache, orthostatic hypotension, excessive volume depletion, 
administered. Patients treated with diuretics or corticosteroids are hemoconcentration, venous thrombosis, palpitation, chest pain, leukopema, 
susceptible to potassium depletion. Caution should be observed when urticaria, other skin rashes, dryness of mouth, hypokalemia, hyponatremia, 
administering to patients with gout or hyperuricemia or those with severely hypochloremia, hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
impaired renal function. Insulin requirements may be affected in diabetics, glycosuria, raised BUN or creatinine, fatigue, muscle cramps or spasm, 
and hyperglycemia and glycosuria may occur in latent diabetes. Chloride weakness, restlessness, chills, and acute gouty attacks. Usual Initial 
deficit and hypochloremic alkalosis may occur. Orthostatic hypotension may Once-Daily Dosages: Mild to moderate essential hypertension —2V» to 
occur. Dilutional hyponatremia may occur Adverse Reactions: Constipation, 5 mg.; edema of cardiac failure —5 to 10 mg.; edema of renal disease — 
nausea, vomiting, anorexia, diarrhea, bloating, epigastric distress, in- 5 to 20 mg. Dosage adjustment is usually necessary during the course of 
trahepatic cholestatic jaundice, hepatitis, syncope, dizziness, drowsiness, therapy. How Supplied: Tablets, 22, 5 and 10 mg.; in bottles of 100 





r The Irex System Ii M-Mode 
Echocardiograph 


The Irex System Il is a comprehensive non-invasive ultrasound 
ardiac diagnostic system. It features a fibre optic recorder that provides 
uperb black and white tracings; a versatile, reliable and easy-to-operate 
cho module; and the optional Irex heart sound/pulse and respiration 
odule, allin a rugged easy-to-maneuver console. 


The Irex Phased Array. 
Real Time 
Sector Scanner 


A completely integrated system for 
cardiac ultrasound diagnosis combining up- 
to-the-minute, 2-dimensional real time 
technology, proven M-Mode diagnostic capa- 
bility and the optional Irex heart sound/pulse 
and respiration module, all in one compact, 
mobile unit. 


The Irex System ll 
Echocardiograph 
Stress Test Option 


M-Mode echocardiography and 
stress testing in one convenient, cost effec- 
tive unit, offering the proven reliability of thè 
Irex System ll, with black and white recorder; 
complete M-Mode echocardiographic cape 
bility; fully integrated 3-channel ECG moduie: 
treadmill controller module and rugged exer- 
cise treadmill. 





tO lOOK at the neari. 


When you consider ultrasound cardiac diagnostic systems, consider 
lrex, the company that offers three ways to look at the heart, three 
distinct systems that offer superb technology, at an affordable price. 


First, the newest, most advanced system, the 
lrex Phased Array Real Time Sector Scanner. Packed into 
its trim, mobile cabinet is a dynamically focused phased 
array system delivering crisp, high resolution images; two 
derived M-Modes, plus a completely independent 
M-Mode channel; and, room to add a heart sound/pulse 
and respiration module. 

In short, the new Irex Phased Array Real Time 
Sector Scanner gives you all the measurements you need 
to perform a complete cardiac ultrasound study. All at a 
price that will pleasantly surprise you. 

Second, the proven Irex System Il M-Mode 
Echocardiograph System has a well-deserved reputation 
for performance and reliability. Since its introduction in 
1977, the Irex System Il has become one of the most 

widely used M-Mode echocardiography systems in the 
world. Its fibre optic recorder provides the clearest, most 
consistent tracings in the industry. The extremely versatile 
cardiac ultrasound module is highly sensitive for better 
definition of small anatomical structures, and the EUSA 
easy-to-view monitors aid in quick analysis. The optional 
heart sound/pulse module provides four channels: one 
each for respiration, heart sound, and pulse; and one for 
either heart sound or pulse. 
Third, the Irex System Il Echocardiograph 
Stress Test Option, loaded with outstanding features for 
smooth, convenient operator control. The three-channel 
stress module offers a 12-lead diagnostic ECG, plus X, Y 
and Z with automatic lead I.D. Plus bright, easy-to-read 
digital displays of heart rate and elapsed time to quickly 
and accurately monitor patient progress. 
The automatic treadmill control module features 
U2} IPM fully automatic, operator selectable protocols, with man- 
ual interrupt for safety and maximum control. The tread- 
mill is full size, rugged and quiet. 

Irex: Three ways to look at the heart. With three 
outstanding Irex systems. Each is an outstanding addition 
to your hospital or clinic. Together, they give you the most 
complete ultrasound cardiac diagnostic center available. 
And all systems are backed by a responsive national 
network of factory trained service technicians. 

For more information, please contact: Irex 
Medical Systems, 69 Spring Street, Ramsey, N.J. 07446, 
(201) 327-5990. 
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WHEN YOU SUSPECT OR DETEC 
VENOUS THROMBOSIS... T 
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a high risk among 
patients with one 
or more of these 
factors... 


Advanced age 

Fractures of lower limb 

Hip surgery 

Pelvic or abdominal surgery with 
extensive disSection 

Previous venous thromboembolism 

Congestive cardiac failure 

Cancer surgery 

Obesity 

Varicose vein surgery 






Incidence of venous thrombosis or 
abnormal scans as shown by '25|-fibrinogen 
screening in selected high-risk medical- 
surgical patients 













Category Incidence 





Elective surgery 


Major abdominal : 
thoracic/gynecologic 






11-6526"? 








Hetropubic 

prostatectomy 28-50%1:2 
Transurethral 

prostatectomy 49572 






Emergency surgery 
Hip fracture 





48-749," 






Childbirth 






Medical 


Myocardial 
infarction 


Stroke 







23-38%"? 
60%! 






ORAL ANTICOAGULATION: 
Often indicated to lower the risk 
of thromboembolic complications. 


References: 1. Hirsh J, Gallus AS: ?5I-labeled fibrinogen scanning 
Use in the diagnosis of venous thrombosis. JAMA 23% 970-973. 
1975 2. Kakkar VV: The diagnosis of deep vein thrombosis using the 
"5|-fibrinogen test. Arch Surg 104:152-159. 1972. 3. Ebert RV. Use of 
anticoagulants in acute myocardial infarction. Circulation 45 903-910 
Apr 1972. 4. Borden CW: The current status of therapy with anticoagu 
lants. Méd Clin North Am 56:235-251, Jan 1972. 5. Hirsh J, Gallus AS 
Anticoagulants in venous thromboembolism Prophylactic and thera 
peutic use, Posigrad Med 55:211-217. Jan 1974 


*For selected patients who have had a large infarct. a history of previous 


infarction or angina. severe hypotension or shock, chronic atrial fibril 
lation, congestive heart failure. past history of venous thrombosis or 
embolism or complications requiring a prolonged period in bed 


COUMADIN is an Endo registered U S. trademark 
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of choice: Tela 


COUMADIN 


crystalline warfarin sodium 


singled out by more 
than 20 years 
of experience 


Effective prophylaxis and treatment of venous 
thrombosis 

Effective prophylaxis and treatment of 
pulmonary embolism 

Effective treatment of atrial fibrillation with 
embolization 

Effective adjunctive treatment of coronary 
occlusion 


e 






Initiation of therapy 
Induction —40 to 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly. 


Alternatively. the large priming dose may be decreased 
for all patients to minimize the possibility of excessive 
Increases in prothrombin time. Induction may be initi- 
ated with 10 to 15 mg daily and thereafter (usually 

2 or 3 days) adjusted according to prothrombin time 
response 

o dosage must be individualized according to 
patient s prothrombin time 

3 frequent laboratory monitoring is recommended 

0 determine prothrombin time daily until results fall 
within the therapeutic range —1.5 to 2.5 times normal 
a afterwards, prothrombin time must be determined 
periodically to monitor the patient's course 













Maintenance of anticoagulation 









a 2-10 mg. for most patients (scored tablets allow 
flexibility and accurate titration) tid 
o dose and interval should be adjusted according to 
the individual patient's prothrombin time response 







Duration of anticoagulation 









o should be individualized for each patient 
3 in general, should be continued until danger of 
thrombosis and embolism has passed 










Recommendations of prominent clinicians 
on duration of therapy 






in myocardial infarction?'** 1-3 years* (reevaluate 
at least every 6 months) 


in pulmonary embolism*5 6 weeks-6 months 
in deep vein thrombosis** 6 weeks-6 months 







Before prescribing. please see full product information on next page 










crystalline warfarin sodium, U.S.P * 


DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of ‘warfarin So- 
dium virtually eliminates trace impurities present in amorphous warfarin sodium, tht ^ achieving a 
crystalline product of the highest purity. Warfarin* is the coined Pede name for 3-(a- Acetonyl- 
benzyl)-4-hydroxycoumarin. On a dose-for-dose basis, COUMADIN (crystalline warfarin 

sodium) is therapeutically equivalent to amorphous warfarin sodium 

ACTIONS COUMADIN and other coumarin anticoagulants act by Gepressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety of 
diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
tial depression of Factors VII, IX, X and Il. The degree of depression is dependent upon the dos- 
age administered. Anticoagulants have no direct effect on an established thrombus, nor do they 
reverse ischemic tissue damage. However, once a thrombosis has occurred, anticoagulant treat- 
ment aims to prevent further extension of the formed clot and prevents secondary thromboembo- 
lic complications which may result in serious and possible fatal sequelae 

After oral administration, absorption is essentially complete, and maximal plasma concentrations 
are reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. 
COUMADIN usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action 
may persist for 4 to 5 days, thus producing à smooth, long lasting response curve. Little is known 
of the metabolic pathways involved in the iotransformation of oral anticoagulants in man. How- 
ever their metabolites appear to be eliminated principally in the urine 

















INDICATIONS Based on a review of this drug by the National Academy of Sciences— 
National Research Council and/or other information. FDA has classified the indications 
as follows 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombo- 
sis and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis 
and treatment of pulmonary embolism, and as an adjunct in the treatment of coronary 
occlusion. 

"Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation 






CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
potential clinical benefits, such as: 


. Pregnancy — COUMADIN is contraindicated in pregnancy because the drug passes through the 


placental barrier and may cause fatal hemorrhage to the fetus in utero. Furthermore. there have 
been reports of birth malformations in children born to mothers who have been treated with war- 
farin during pregnancy. Women of childbearing potential who are candidates for anticoagulant 
therapy should be carefully evaluated and the indications critically reviewed with the patient. If the 
patient becomes pregnant while taking this drug. she should be apprised of the potential risks to 
ne fetus, and the possibility of termination of the pregnancy should be discussed in light of those 
risks. 
Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: 
(1)central nervous system, (2)eye; (3)traumatic surgery resulting in large open surfaces. Bleed- 
ing tendencies associated with active ulceration or overt bleeding of: (1)gastrointestinal, 
genitourinary or respiratory tracts; (2)cerebrovascular hemorrhage; (3Janeurysms — cerebral, dis- 
secting aorta; (4)pericarditis and pericardial effusions; (5)subacute bacterial endocarditis. 
Threatened abortion, eclampsia and preeclampsia. Inadequate laborato facilities or unsu- 
pervised senility, alcoholism. psychosis, or lack of patient cooperation. Spinal puncture and 
other diagnostic or therapeutic procedures with potential for uncontrollable bleeding. Miscella- 
neous: major regional. lumbar block anesthesia and malignant hypertension 
WARNINGS Warfarin sodium is a potent drug with a half-life of 2» days; therefore its effects may 
become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
strongly that treatment of each patient is a highly individualized matter Dosage should be con- 
trolled by periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
minations of whole blood clotting and bleeding times are not effective measures for control of 
therapy. Heparin prolongs the one-stage prothrombin time. Therefore, to obtain a valid prothrom- 
bin time when heparin and COUMADIN are given together, a period of at least 5 hours should 
-elapse after the last intravenous dose and 24 hours after the last subcutaneous dose of heparin, 
before blood is drawn 
Caution should be observed when warfarin sodium is administered in any situation or physical 
condition where added risk of hemorrhage is present. 
Administration of anticoagulants in the following conditions will be based upon clinical judgment 
in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboliza- 
tion in untreated cases. The following may be associated with these increased risks: 
Lactation — coumarins may pass into the milk of mothers and cause à prothrombinopenic state in 
the nursing infant. Severe to moderate hepatic or renal insufficiency. Infectious diseases 
or disturbances of intestinal flora — sprue. antibiotic therapy Trauma which may result in inter- 
nal bleeding. Surgery or trauma resulting in large exposed raw surfaces. Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe 
diabetes, severe allergic and anaphylactic disorders 
Patients with congestive heart failure may become more sensitive Y COUMADIN, thereby re- 
quiring more frequent laboratory monitoring. and reduced doses of COUMADIN. 
Concurrent use of anticoagulants with streptokinase or urokinase iS not recommended and may 
be hazardous. (Please note recommendations accompanying these preparations.) 
Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually 
over three to four weeks. 
PRECAUTIONS Periodic determination of prothrombin time or other suitable coagula- 
tion test is essential. 
Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, pe state and medication may influence response of the patient to anticoagu- 
lants. It is generally good practice to monitor the patient's response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tal, and whenever other medications are initiated, discontinued or taken haphazardly. 
The following factors are listed or your reference; however, other factors may also af- 
fect the prothrombin response. 
The following factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 
ENDOGENOUS FACTORS: Carcinoma. collagen disease; congestive heart failure; diarrhea; 
elevated temperature; hepatic disorders— infectious hepatitis, jaundice; poor nutritional state; 
vitamin K deficiency — steatorrhea. 
EXOGENOUS FACTORS. Alcohol: allopurinol; aminosalicylic acid; anabolic steroids, antibiotics; 
bromelains; chloral hydratet; chlorpropamide; chymotrypsin; cimetidine; cinchophen; clofibrate; 
COUMADIN ab pags warfarin sodium) CUN: dextran; dextrothyroxine; diazoxide; 
dietary deficiencies; diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid; glu- 
cagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic acid; methyldopa; 
methylphenidate; metronidazole, monoamine oxidase inhibitors; nalidixic acid; oxolinic acid; Oxy- 
phenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; prolonged narcotics; ` 
quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbu- 
tamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time determina- 
tions. 
The following factors, alone or in combination, may be responsible for decreased pro- 
thrombin time response: 
ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; 
hyperlipemia; hypothyroidism. 
EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids, antihistamines, barbitu- 
rates; chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN underdosage: diet high in 
vitamin K (vegetables, fish, fish oil, onions); diureticsf; ethchlorvynol; glutethimide; griseofulvin; 
haloperidol; meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unreliable pro- 
thrombin time determinations; vitamin C. ` 
tincreased and decreased prothrombin time responses have been reported. 


*Present as crystalline sodium warfarin isopropanol clathrate. 
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A patient may be exposed to a compination of the above factors, some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time re- 
sponse may be unpredictable under these circumstances, more frequent laboratory monitoring IS 
advisable 

Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual. 

Coumarins also affect the action of other drugs. Hypoglycemic a ents (chlorpropamide and 
tolbutamide) and anticonvulsants (diphenylhydantoin and pheno arbital) may accumulate in the 
body as a result of interference with either their metabolism or excretion. 

ADVERSE REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) 
include: 

1. Minor or major hemorrhage from any tissue or organ — which is an extension of the physiologic 


activity of prothrombinopenia. The signs and symptoms will vary according to the location and de- 


gree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding during anticoagulant therapy does not always correlate with pro- 
thrombin activity. (See TREATMENT FOR OVERDOSAGE.) 

Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously ensuspected lesion, e.g. tumor, ulcer, etc. 
2 Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea, abdominal cramping, a syndrome called "purple toes.” hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin 

3. Priapism has been associated with anticoagulant administration, however, a causal relationship 
has not been established 

DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is tO impede the 
coagulation or clotting mechanism to such an extent that thrombosis will not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effec- 
tive therapeutic levels with minimal complications can best be achieved in cooperative and well- 
instructed patients, who keep the doctor informed of their status between visits. COUMADIN pa- 
tient aids are available to physicians on request. 

The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time. The pro- 
thrombin time reflects the depression of vitamin K dependent Factors VII, X and Il. These factors, 
in addition to Factor IX. are affected by coumarin anticoagulants. There are several modifications 
of the Quick one-stage prothrombin time and the physician should become familiar with the spe- 
Cific method used in his laboratory. 

Administration of COUMADIN should be gauged according to rothrombin time determinations 
by a suitable method. The blood prothrombin time should usually be determined daily after the 
administration of the initial dose until prothrombin time results stabilize in the therapeutic range. 
Intervals between subsequent prothrombin time determinations should be based upon the 
physician's judgment of the patient's reliability and response to warfarin in order to maintain the in- 
dividual within the therapeutic range. Acceptable intervals for prothrombin time determinations 
have usually fallen within the range of one to four weeks. Satisfactory levels for maintenance of 
therapeutic anticoagulation are 1¥2 to 2V2 times the normal prothrombin time (e.g. 18 to 30 sec- 
onds, with a control of 12 seconds) 

Induction — 40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients 
for one dose only administered orally, intravenously or intramuscularly. 

Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be initiated with 10 to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
the no-loading dose regimen is that the depression of Factors Il, IX, and X are not accelerated by 
the administration of a loading dose. 

Maintenance Mos! patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
of dosage is provided by breaking scored tablets in half. The individual dose and interval should 
be gauged by the patient's prothrombin response. 

Duration of therapy — The duration of therapy in each patient should be individualized. In gen- 
eral, anticoagulant therapy should be continued until the danger of thrombosis and embolism has 
passed. 

Treatment during dentistry and surgery — The management of patients who undergo dental 
and surgical procedures requires close liaison between attending physicians. surgeons and den- 
tists. Interruption of anticoagulant therapy may precipitate thromboembolism, and conversely, if 
anticoagulants are maintained at full doses, some patients may hemorrhage excessively. If it is 
elected to administer anticoagulants prior to, during. Or immediately following dental or surgical 
procedures, it is recommended that the dosage of COUMADIN (crystalline warfarin sodium) be 
adjusted to maintain the prothrombin time at approximately 1¥2 to 2Ve times the control level. The 
operative site should be sufficiently limited to permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents. sutures, and pressure dressings if necessary. 
Under these conditions dental and surgical procedures may be performed without undue risk o 
hemorrhage 

COUMADIN with Heparin— Since a delay intervenes between the administration of the initial 
dose and the therapeutic prolongation of prothrombin time, it ma be advisable in emergency sit- 
uations to administer sodium heparin initially along with COUMADIN. The initial dose of heparin 


and injectable COUMADIN may be administered together in the same syringe. It should be noted 


that heparin may affect the prothrombin time, and therefore, when patients are receiving both 
heparin and COUMADIN, the blood sample for prothrombin time determination should be drawn 
just prior to the next heparin dosage, at least 5 hours after the last intravenous injection or 24 
hours after the last subcutaneous injection. A 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium), and if necessary, 
the oral or parenteral administration of vitamin K, . The appearance of microscopic hematuria, ex- 
cessive menstrual bleeding, melena, petechiae or oozing from nicks made while shaving are 
early manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg. will usu- 
ally correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may 
be owe" parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to use. 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrom- 
binopenic.states unresponsive to vitamin K,. 

Resumption of COUMADIN administration reverses the effect of vitamin K,, and a therapeutic hy- 
poprothrombinemia level can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystalline warfarin sodium). For oral use, single scored, im- 
printed numerically with potency as follows: 2 mg lavender, 2¥2 mg orange, 5 mg peach, 7Ye mg 
youn, ioe white. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister pack- 
age of 100. 

Injection: Available as single injection units of amorphous warfarin sodium lyophilized for intrave- 
nous or intramuscular use in a box of 6 units for use immediately after reconstitution. 

50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted 
with sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for in- 
travascular injection without first having been made approximately isotonic by the addition ofa 
suitable solute. Use only for reconstitution of the lyophilized product. 


Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


COUMADIN is an Endo Registered U.S. Trademark. 6037-14 
Endo Laboratories, Inc. 

Subsidiary of the DuPont Company | 

Garden City, New York 11530 rrr EDO-627C979 
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Helps you keep up with the new advances in your 


specialty in the comfort of your home or office. 
Just published with all new material —specialties expanded. 


The series CORNELL MEDICAL UPDATE breaks all medical 
book tradition with its workbook format that gives practicing 
physicians a quick overview of the latest advances in their 
speciality. It transcribes into book form the Update Your Medi- 

i cine lectures sponsored by New York Hospital-Cornell Medical. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice. 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 

| where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
= from basic physiologic and chemical principles to its clinical 
‘applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'l be able to incorporate all the 
material into your own professional technique. 
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AREE —— —— 9 — — ']— —  ——— eee 
l Yorke Medical Books, 666 5th Ave., P.O. Box 876, N.Y., N.Y. 10019 | 
| Please send me a copy of CORNELL MEDICAL UPDATE/2 at i 
$38.00. | may use the book for 30 days and if not completely satis- 1 
1 fied, return it for full credit or refund. i 
i O Payment enclosed (publisher pays shipping cost). i 
| O Charge my credit card (publisher pays shipping cost). i 
| O Master Charge O VISA (BankAmericard) 
B Gard S E uel e EXP diia i 
i (Countries outside Western Hemisphere: add $5. to price and pre- i 
" pay in U.S. funds.) i 
i Nemui. . i 
i Address - 
: City OEA OT E ee S E: | EH 
I New York residents add applicable sales tax. AJC-6/80 \ 
Re «i5 oes AE UE. Pap ee ee eS 





THERMODILUTION CARDIAC 
OUTPUT COMPUTER 


MODEL 
3500E 


Latest bedside 
cardiac output 
computer monitoring 
technology 


MODEL 
3501 


Companion auto- 
matic recorder for 
thermodilution curve 








Features: 


e ACCURATE cardiac outputs e AUTOMATIC body and 
— adult and pediatric ranges injectate temperatures 
e SIMPLE pushbutton e AUTOMATIC thermal curve 
operation recording 
e ADJUSTABLE test e CHOICE of injectate volume 
calibration and temperature 
e SERVICEABLE — interchangeable circuitry 





THERMODILUTION 
CATHETERS 


Injectate Lumen 
30 cm proximal —7F 
15 cm proximal — EN 





Eee ed 


1% "cc o 


j every 10 cm Inflation inflated 
A "A Syringe ‘Balloon 
> Thermistor mW CVP— j 
» Connections Proximal // 
; E" PA — i # 
Thermistor 
Features: 


èe Convenient and complete e Tapered tip — pressure fidelity 
sterile packaging and introduction 

e Precalibrated and e Thermistor located inside J 
interchangeable curve — prevents PA. wall contact 

e Adult, pediatric and direct e Balloon protection shield 

placement sizes 


For Additional Information, contact Ross Linnemann 


KMA, INC. 

150 Coolidge Avenue 
Watertown, Massachusetts 01172 
(800) 225-3080 

In Mass. call: (617) 926-6151 








*he American Journal of CARDIOLOGY’ 
VOLUME 45: JANUARY TO JUNE 1980 


Editor-in-Chief 


SIMON DACK, MD 
New York 





Executive Editor 
RUTH R. OHMAN 


Assistant Executive Editor 
JUDITH WAGNER 


Associate Editors 
EUGENE BRAUNWALD, MD, Boston 
CHARLES FISCH, MD, Indianapolis 


THOMAS N. JAMES, MD, Birmingham 





EDITORIAL CONSULTANTS 


WALTER H. ABELMANN, MD, Lexington, MA 
HENRY W. BLACKBURN, Jr., MD, Minneapolis 
AGUSTIN CASTELLANOS, Jr.. MD, Miami 
LAWRENCE S. COHEN, MD, New Haven 
JAY N. COHN, MD, Minneapolis 

KEITH COHN, MD, San Francisco 

PETER F. COHN, MD, Boston 

C. RICHARD CONTI, MD, Gainesville, FL 
ANTHONY N. DeMARIA, MD, Sacramento, CA 
NICHOLAS P. DePASQUALE, MD, New York 
E. GREY DIMOND, MD, Kansas City, MO 
LEONARD S. DREIFUS, MD, Philadelphia 
STEPHEN E. EPSTEIN, MD, Bethesda 
HARVE Y FEIGENBAUM, MD, Indianapolis 
HARRY A. FOZZARD, MD, Chicago 
GOTTLIEB C. FRIESINGER, III, MD, Nashville 
EDWARD D. FROHLICH, MD, New Orleans 
LEONARD S. GETTES, MD, Chapel Hill, NC 
EPHRAIM GLASSMAN, MD, New York 
STANLEY J. GOLDBERG, MD, Tucson 
STANLEY J. GOLDSMITH, MD, New York 

K. LANCE GOULD, MD, Seattle 

RAYMOND GRAMIAK, MD, Rochester, NY 


KALMAN GREENSPAN, PhD, Terre Haute, IN 
ROLF M. GUNNAR, MD, Maywood, IL 
HOWARD P. GUTGESELL, MD, Houston 
ROBERT |. HAMBY, MD, New Hyde Park, NY 
RICHARD H. HELFANT, MD, Philadelphia 

B. LEONARD HOLMAN, MD, Boston 
HERBERT N. HULTGREN, MD, Palo Alto, CA 
J. O'NEAL HUMPHRIES, MD, Baltimore 
MARK E. JOSEPHSON, MD, Philadelphia 
GERARD A. KAISER, MD, Miami 

WILLIAM B. KANNEL, MD, Framingham, MA 
SAMUEL KAPLAN, MD, Cincinnati 

JOEL S. KARLINER, MD, San Diego 

JOHN W. KIRKLIN, MD, Birmingham 
SUZANNE B. KNOEBEL, MD, Indianapolis 
MICHAEL LESCH, MD, Chicago 

FLOYD LOOP, MD, Cleveland 

JAMES R. MALM, MD, New York 

PETER R. MAROKO, MD, Boston 

BARRY J. MARON, MD, Bethesda 

PAUL McHENR Y , MD, Indianapolis 
HILTRUD S. MUELLER, MD, St. Louis 
ROBERT MYERBURG, MD, Miami 

ROBERT O'ROURKE, MD, San Antonio 


PUBLICATIONS COMMITTEE, AMERICAN COLLEGE OF CARDIOLOGY 


WILLIAM C. ROBERTS, Bethesda 
Chairman 








EZRA A AMSTERDAM, MD. Davis 

SIMON DACK, MD (ex officio). New York 
GOTTLIEB C. FRIESINGER, Ill, MO, Nashville 
LEONARD S. GETTES, MD. Chape! Hill NC 


Volume 45/Copyright (O 1980 


Assistant Managing Editor 
DONNA POCHWALOWSKA 


Senior Assistant Editors 


IRA J. GELB, MD, New Rochelle, NY 
RAYMOND HARRIS, MD, Albany, NY 


MELVIN KAHN, MD, New York 
LESLIE A. KUHN, MD, New York 


. Publisher 





JOHN O. PARKER, MD, Kingston, Ontario, Canada 


BERTRAM PITT, MD, Ann Arbor, MI 
RICHARD L. POPP, MD, Stanford, CA 
CHARLES E. RACKLEY, MD, Birmingham 
S. H. RAHIMTOOLA, MD, San Francisco 
JAMES L. RITCHIE, MD, Seattle 
WILLIAM C. ROBERTS, MD, Bethesda 
JOHN ROSS, Jr., MD, La Jolla, CA 
RICHARD O RUSSELL, Jr.. MD, Birmingham 
JAMES SCHEUER, MD, Bronx, NY 
ARNOLD SCHWARTZ, PhD, Cincinnati 
PRAVIN M. SHAH, MD, Los Angeles 
WILLIAM C. SHELDON, MD, Cleveland 
NORMAN E. SHUMWA Y, MD, Stanford, CA 
BURTON E. SOBEL, MD, St. Louis 
FRANK C. SPENCER, MD, New York 
DAVID H. SPODICK, MD, Worcester, MA 
BORYS SURAWICZ, MD, Lexington, K Y 
ROBERT C. TARAZI, MD, Cleveland 
ARNOLD M. WEISSLER, MD, Detroit 
JAMES T. WILLERSON, MD, Dallas 
BARRY L. ZARET, MD, New Haven 
DOUGLAS P. ZIPES, MD, Indianapolis 


FRANCIS J. KLOCKE, MD, Buffalo 


WILLIAM LIKOFF, MD (ex officio), Philadelphia 


JOHN F. WILLIAMS, Jr., MD, Galveston 


Technical Publishing Company, A Division of 


Dun « Donnelley Publishing Corporation, a Dun and Bradstreet Company 


666 Fifth Avenue, New York, New York 10019 


of the copyright owner. 


All rights reserved. No part of this publication may be reproduced or transmitted in 
any form or by any means, electronic or mechanical, including photocopying, re- 
cording or by any information storage retrieval system, without written permission 


Printed in the United States of America 


ROBERT T. BRAWN 


15 


24 


33 


42 


48 


53 


58 


63 


72 


79 


87 


92 


CLINICAL STUDIES 


Arrhythmia in Hypertrophic Cardiomyopathy: Exercise and 48 
Hour Ambulatory Electrocardiographic Assessment With and 
Without Beta Adrenergic Blocking Therapy. William J. McKenna, 
Sivabakiyam Chetty, Celia M. Oakley and John F. Goodwin 


M Mode Echocardiography in Hypertrophic Cardiomyopathy: 
Diagnostic Criteria and Prediction of Obstruction. Yoshinori L. 
Doi, William J. McKenna, Jurgen Gehrke, Celia M. Oakley and 
John F. Goodwin 


Left Ventricular Relaxation and Filling Pattern in Different Forms 
of Left Ventricular Hypertrophy: An Echocardiographic Study. 
Peter Hanrath, Detlef G. Mathey, Ralf Siegert and Walter Blei- 
feld 


The Heterogeneity of Hypertrophic Cardiomyopathy: An Au- 
topsy and One Dimensional Echocardiographic Study. Jeanne 
Y. Wei, James L. Weiss and Bernadine H. Bulkley 


Hypertrophic Cardiomyopathy After Aortic Valve Replacement. 
Richard Thompson, Mohammed Ahmed, Ronald Pridie and Magdi 
Yacoub 


Hemodynamic Evaluation of Patients With Combined Mitral 
and Aortic Prostheses. William A. Baxley and Benigno Soto 


Coronary Hemodynamic Effects of Ergonovine Maleate in 
Human Subjects. Arthur E. Orlick, Donald R. Ricci, Paul R. 
Cipriano, Diana F. Gunthaner and Donald C. Harrison 


EXPERIMENTAL STUDIES 


Myocardial Prostaglandin E Release by Nitroglycerin and 
Modification by Indomethacin. Esteban Morcillio, Philip R. Reid, 
Normal Dubin, Ramesh Ghodgaonkar and Bertram Pitt 


Evidence for a Flow-Independent Contribution to the Phe- 
nomenon of Thallium Redistribution. Joseph L. Gerry, Jr., Lewis 
C. Becker, John T. Flaherty and Myron L. Weisfeldt 


METHODS 


Assessment of Right Ventricular Function at Rest and During 
Exercise in Patients With Coronary Heart Disease: A New 
Approach Using Equilibrium Radionuclide Angiography. Robert 
Slutsky, Wayne Hooper, Kenneth Gerber, Alexander Battler, 
Victor Froelicher, William Ashburn and Joel Karliner 


Complete Abolition of the Reentrant Supraventricular Tachy- 
cardia Zone Using a Modality of Cardiac Pacing With Simul- 
taneous Atrioventricular Stimulation. Ruey J. Sung, Januariusz 
L. Styperek and Agustin Castellanos 


PEDIATRIC CARDIOLOGY 


Comparison of M Mode Echocardiography and Pathologic 
Findings in the Hypoplastic Left Heart Syndrome. John L. Bass, 
Giora Ben-Shachar and Jesse E. Edwards 


Hypoplastic Left Heart Syndrome: Experience With Palliative 
Surgery. William |. Norwood, James K. Kirklin and Stephen P. 
Sanders 

Total Anomalous Pulmonary Venous Connection in Infancy: 
Influence of Age and Type of Lesion. Kevin Turley, William Y. 
Tucker, Daniel J. Ullyot and Paul A. Ebert 


108 


117 


123 


130 


134 


141 


155 


163 


174 


177 


181 
190 








CONTENTS: VOLUME 45 e NUMBER 1 


Spectrum of Cardiovascular Lesions in Mucocutaneous Lymph 
Node Syndrome: Analysis of Eight Cases. Junichiro Fukushige, 
Michael R. Nihill and Dan G. McNamara 


The Surgical Decision in Tetralogy of Fallot: Weighing Risks 
and Benefits With Decision Analysis. Arthur Garson, Jr., G. 
Anthony Gorry, Dan G. McNamara and Denton A. Cooley 


Absent Right Superior Vena Cava With Persistent Left Superior 
Vena Cava: Implications and Management. Cora C. Lenox, 
James R. Zuberbuhler, Sang C. Park, William H. Neches, Robert 
A. Mathews, F. Jay Fricker, Henry T. Bahnson and Ralph D. 
Siewers 


REPORTS ON THERAPY 


Sustained Beneficial Effects of Oral Amrinone on Cardiac and 
Renal Function in Patients With Severe Congestive Heart 
Failure. Thierry H. LeJemtel, Edmund Keung, Hillel S. Ribner, 
Richard Davis, John Wexler, M. Donald Blaufox and Edmund H. 
Sonnenblick 


Use of Ajmaline In Patients With the Wolff-Parkinson-White 
Syndrome to Disclose Short Refractory Period of the Accessory 
Pathway. Hein J. J. Wellens, Frits W. Bár, Anton P. Gorgels and 
Eduard J. Vanagt 


Surgical Versus Medical Therapy for Treatment of Unstable 
Angina: Changes in Work Status and Family Income. Richard 
O. Russell, Jr., John B. Wayne, Jennie Kronenfeld, Edgar D. 
Charles, Albert Oberman, Nicholas T. Kouchoukos, Charles 
White, William Rogers, John A. Mantle and Charles E. 
Rackley 


REVIEWS 

Hypertrophic Cardiomyopathy: Recent Observations Regarding 
the Specificity of Three Hallmarks of the Disease: Asymmetric 
Septal Hypertrophy, Septal Disorganization and Systolic An- 


terior Motion of the Anterior Mitral Leaflet. Barry J. Maron and 
Stephen E. Epstein 


DIAGNOSTIC SHELF 


Intracardiac Flow Pattern in Mitral Regurgitation Studied With 
Combined Use of the Ultrasonic Pulsed Doppler Technique and 
Cross-Sectional Echocardiography. Kunio Miyatake, Naokazu 
Kinoshita, Seiki Nagata, Shintaro Beppu, Yung-Dai Park, Hiroshi 
Sakakibara and Yasuharu Nimura 


CASE REPORTS 


Infiltrative Cardiomyopathy With Conduction Disease and 
Ventricular Arrhythmia: Electrophysiologic and Pathologic 
Correlations. Saroja Bharati, Maurice Lev, Pablo Denes, James 
Modlinger, Christopher Wyndham, Robert Bauernfeind, Melvin 
Greenblatt and Kenneth M. Rosen e 


Cough-Facilitated Conversion of Ventricular Tachycardia. 
Jeanne Y. Wei, H. Leon Greene and Myron L. Weisfeldt 


EDITORIALS 


Hypertrophic Cardiomyopathy: A Disease in Search of Its Own 
Identity. John F. Goodwin 


SPECIAL DEPARTMENTS 
Letters to the Editor 
American College of Cardiology News 





CONTENTS: VOLUME 45 e NUMBER 2 


197 


203 


210 


217 


222 


227 


236 


244 


253 


260 


269 


276 


286 


293 


301 


305 


311 


316 


CLINICAL STUDIES 


Left Ventricular Ejection Fraction and First Third Ejection 
Fraction Early After Acute Myocardial Infarction: Value for 
Predicting Mortality and Morbidity. Alexander Battler, Robert 
Slutsky, Joel Karliner, Victor Froelicher, William Ashburn and 
John Ross, Jr. 


Regional Left Ventricular Function in Acute Myocardial In- 
farction: Evaluation With Quantitative Radionuclide Ventricu- 
lography. Joshua Wynne, Maureen Sayres, Denis E. Maddox, 
John Idoine, Joseph S. Alpert, Jane Neill and B. Leonard 
Holman 


Sequential Studies of Left Ventricular Function and Wall Motion 
After Coronary Arterial Bypass Surgery. Leslie J. Mintz, Neil 
B. Ingels, Jr., George T. Daughters II, Edward B. Stinson and 
Edwin L. Alderman 


Combined Right and Left Ventricular Infarction: Pathogenesis 
and Clinicopathologic Correlations. Norman B. Ratliff and Donald 
B. Hackel 


Clinical Features of Left Main Equivalent Coronary Disease. 
Joseph D. Babb, Richard G. Schmidt, Thomas M. Berard and John 
M. Field 


Mechanism of the Repetitive Ventricular Response in Man. H. 
Leon Greene, Philip R. Reid and Allen H. Schaeffer 


Superior QRS Axis of Ventricular Premature Complexes: An 
Additional Criterion to Enhance the Sensitivity of Exercise 
Stress Testing. T. Joseph Mardelli, Joel Morganroth and Leonard 
S. Dreifus 


Effects of Exercise Training on Left Ventricular Function in 
Normal Subjects: A Longitudinal Study by Radionuclide Angi- 
ography. Stephen K. Rerych, Peter M. Scholz, David C. Sabiston, 
Jr. and Robert H. Jones 


Statistical Comparison of M Mode and Two Dimensional 
Echocardiographic Diagnosis of Flail Mitral Leaflets. Gary S. 
Mintz, Morris N. Kotler, Wayne R. Parry and Bernard L. Segal 


Complications of the Intraaortic Balloon Counterpulsation 
Device: Clinical and Morphologic Observations in 45 Necropsy 
Patients. Jeffrey M. Isner, Steven R. Cohen, Renu Virmani, Walter 
Lawrinson and William C. Roberts 


EXPERIMENTAL STUDIES 


Effect of Verapamil on Regional Coronary and Myocardial 
Perfusion During Acute Coronary Occlusion. Protásio L. Da Luz, 
L. F. Monteiro De Barros, Joào Jorge Leite, Fülvio Pileggi and Luiz 
V. Décourt 


Altered Coronary Flow Responses to Vasoactive Drugs in the 


Presence of Coronary Arterial Stenosis in the Dog. William P. 
Santamore and Paul Walinsky 


SPECIAL COMMENTARY 
Dynamic Coronary Stenosis. K. Lance Gould 


METHODS 


Nongeometric Determination of Left Ventricular Volumes From 
Equilibrium Blood Pool Scans. Gregory J. Dehmer, Samuel E. 
Lewis, L. David Hillis, Donald Twieg, Michael Falkoff, Robert W. 
Parkey and James T. Willerson 


A New Approach to Visualize the Left Main Coronary Artery 
Using Apical Cross-Sectional Echocardiography. Satoshi 
Ogawa, Chin C. Chen, Francis E. Hubbard, Ferrel J. Pauletto, T. 
Joseph Mardelli, Joel Morganroth, Leonard S. Dreifus, Makoto 
Akaishi and Yoshiro Nakamura 


PEDIATRIC CARDIOLOGY 


The Occurrence of Hyperaldosteronism in Infants With Con- 
gestive Heart Failure. Barry G. Baylen, Gregory Johnson, Re- 
ginald Tsang, Laxmi Srivastava and Samuel Kaplan 


Pulmonary Artery Sling. Carl H. Gumbiner, Charles H. Mullins 
and Dan G. McNamara 


Aberrant Left Pulmonary Artery (Pulmonary Artery Sling): 


321 


326 


331 


337 


345 


349 


357 


367 


370 


378 


383 


386 


389 


497 


521 


524 


Successful Repair and 24 Year Follow-Up Report. Charles D. 
Campbell, Jorge A. Wernly, Pipit Chiemmong Koltip, Delores 
Vitullo and Robert L. Replogle 


STUDIES IN HYPERTENSION 


Hypertension and Propranolol Therapy: Effect on Blood Pres- 
sure, Plasma Catecholamines and Platelet Aggregation. Nicolas 
D. Vlachakis and Louis Aledort 


EPIDEMIOLOGY 


Blood Pressure and Survival After Myocardial Infarction: The 
Framingham Study. William B. Kannel, Paul Sorlie, William P. 
Castelli and Daniel McGee 


REPORTS ON THERAPY ' 


Comparative Hemodynamic Effects of Converting Enzyme 
Inhibitor and Sodium Nitroprusside in Severe Heart Failure. 
Thomas R. Vrobel and Jay N. Cohn 

Long-Term Therapy of Heart Failure With Prazosin: A Ran- 
domized Double Blind Trial. Wilson S. Colucci, Joshua Wynne, 
B. Leonard Holman and Eugene Braunwald 


Early Repair of Ventricular Septal Rupture After Infarction. 
Alvaro Montoya, Louis McKeever, Patrick Scanlon, Henry J. 
Sullivan, Rolf M. Gunnar and Roque Pifarre 


COOPERATIVE STUDIES 


Clinical Assessment of External Pressure Circulatory Assis- 
tance in Acute Myocardial Infarction: Report of a Cooperative 
Clinical Trial. Ezra A. Amsterdam, John Banas, J. Michael Criley, 
Henry S. Loeb, Hiltrud Mueller, James T. Willerson and Dean T. 
Mason 


REVIEWS 


Fungal Infections of the Heart: Analysis of 51 Autopsy Cases. 
Thomas J. Walsh, Grover M. Hutchins, Bernadine H. Bulkley and 
Geoffrey Mendelsohn 

HISTORICAL MILESTONES 

John Hunter, Angina Pectoris and Medical Education. Paul 
Kligfield 

DIAGNOSTIC SHELF 


Two Dimensional Echocardiographic Visualization of Ven- 
tricular Septal Rupture After Acute Anterior Myocardial In- 
farction. Jean C. Farcot, Louis Boisante, Michel Rigaud, Jean 
Bardet and Jean P. Bourdarias 


Early Diastolic Sound of Constrictive Pericarditis. W. Jay 
Nicholson, B. Woodfin Cobbs, Jr., Robert H. Franch and l. Sylvia 
Crawley 

CASE REPORTS 


Mitral Valve Prolapse: Jet Stream Causing Mural Endocarditis. 
Morris Ringer, Dennis J. Feen and Mark S. Drapkin 


Clotted Hemopericardium With the Hemodynamic Charac- 
teristics of Constrictive Pericarditis. William C. Little, R. Kirby 
Primm, Robert B. Karp and William P. Hood, Jr. 


ABSTRACTS 


Abstracts of Papers to be Presented at the 29th Annual Sci- 
entific Session of the American College of Cardiology 


Indexes to Abstracts 


EDITORIALS 


Is Bypass Grafting Indicated for All Patients With Atheroscle- 
rosis of the Left Main Coronary Artery? Henry D. Mcintosh and 
Robert A. Buccino 


Hard and Soft Data on Treatment of Left Main Coronary Lesions. 
Floyd D. Loop, Bruce W. Lytle and William C. Sheldon 


SPECIAL DEPARTMENTS 


Letters to the Editor, 527 « Books Received, 531 e American 
College of Cardiology News, 532 


535 


542 


547 


555 


562 


567 


573 


583 


591 


599 


604 


609 


614 


| CONTENTS: VOLUME 45 e NUMBER 3 


CLINICAL STUDIES 


Detection of Coronary Artery Disease: Comparison of Exercise 
Stress Radionuclide Angiocardiography and Thallium Stress 
Perfusion Scanning. James A. Jengo, Ronald Freeman, Marianne 
Brizendine and Ismael Mena 


Left Ventricular Ejection Fraction Determined by Radionuclide 
Ventriculography in Early Stages of First Transmural Myocar- 
dial Infarction. Relation to Short-Term Prognosis. Prediman K. 
Shah, Max Pichler, Daniel S. Berman, Bramah N. Singh and 
Harold J. C. Swan 


Serial Ambulatory Electrocardiography and Treadmill Exercise 
Testing After Uncomplicated Myocardial Infarction. Robert F. 
DeBusk, Dennis M. Davitison, Nancy Houston and John Fitz- 
gerald 


Ventricular Compliance in Ischemic Right Ventricular Dys- 
function. Isabel Coma-Canella and Jose Lopez-Sendon 


Negative Intraventricular Diastolic Pressure in Patients With 
Mitral Stenosis: Evidence of Left Ventricular Diastolic Suction. 
Hani N. Sabbah, Daniel T. Anbe and Paul D. Stein 


Echocardiography in Assessing Acute Pulmonary Hypertension 
Due to Pulmonary Embolism. Wolfgang Kasper, Thomas 
Meinertz, Friedrich Kersting, Herbert Lóllgen, Peter Limbourg 
and Hanjórg Just 


Hemodynamic Observations in Patients With Left Ventricle to 
Aorta Conduit. Michael R. Nihill, Denton A. Cooley, John C. 
Norman, Grady L. Hallman and Dan G. McNamara 


EXPERIMENTAL STUDIES 


Electrophysiologic and Anatomic Correlates of Sustained 
Ventricular Tachyarrhythmias in a Model of Chronic Myocardial 
Infarction. Eric L. Michelson, Joseph F. Spear and E. Neil 
Moore 


Scanning Electron Microscopy After Coronary Transluminal 
Angioplasty of Normal Canine Coronary Arteries. Richard C. 
Pasternak, Kenneth L. Baughman, John T. Fallon and Peter C. 
Block 


PEDIATRIC CARDIOLOGY 


Collateral Vessels Between the Coronary and Bronchial Ar- 
teries in Patients With Cyanotic Congenital Heart Disease. 
Harran Y. Zureikat 


Electrocardiogram in Double Chamber Right Ventricle. Kalman 
J. Goitein, William H. Neches, Sang C. Park, Robert A. Mathews, 
Cora C. Lenox and James R. Zuberbuhler 


STUDIES IN HYPERTENSION 


Saralasin Infusion in Screening Patients for Renovascular 
Hypertension. Lawrence R. Krakoff, Artur B. Ribeiro, Janet U. 
Gorkin and Katherine R. Felton 


Pindolol in the Treatment of Hypertension: Systolic Time In- 
tervals as a Predictor of Response to Beta Receptor Blockade. 


621 


627 


633 


640 


648 


655 


661 


674 


685 


690 


697 


703 
712 
715 
721 


Gary D. Plotnick, Michael L. Fisher, Jennifer H. Hamilton, Michael 
Robinson, Nathan H. Carliner, Alphonso H. Janowski and Bruce 
P. Hamilton 


REPORTS ON THERAPY 


Episodic Drug Treatment in the Management of Paroxysmal 
Arrhythmias. Basil Margolis, Regis A. DeSilva and Bernard 
Lown 

Mexiletine Therapy in 15 Patients with Drug-Resistant Ven- 
tricular Tachycardia. James J. Heger, Stanley Nattel, Robert L. 
Rinkenberger and Douglas P. Zipes 

Ventricular Ectopic Activity After Medical and: Surgical 
Treatment for Recurrent Sustained Ventricular Tachycardia. 
Irving M. Herling, Leonard N. Horowitz and Mark E. Josephson 
Study of Moxaprindine With Programmed Electric Stimulation 
of the Heart in Patients With Reentrant Tachyarrhythmias. 
André Waleffe, Luc Mary-Rabine and Henri E. Kulbertus 
Sustained Hemodynamic Effects Without Tolerance During 
Long-Term Isosorbide Dinitrate Treatment of Chronic Left 
Ventricular Failure. Joseph A. Franciosa and Jay N. Cohn 
Dose Requirements of Hydralazine in Patients With Severe 
Chronic Congestive Heart Failure. Milton Packer, Jose Meller, 
Norma Medina, Richard Gorlin and Michael V. Herman 


REVIEWS 


Nuclear Cardiology I. Radionuclide Angiographic Assessment 
of Left Ventricular Contraction: Uses, Limitations and Future 
Directions. Monty M. Bodenheimer, Vidya S. Banka and Richard 
H. Helfant 


Nuclear Cardiology Il. The Role of Myocardial Perfusion Imaging 
Using Thallium-201 in Diagnosis of Coronary Heart Disease. 
Monty M. Bodenheimer, Vidya S. Banka and Richard H. Hel- 
fant 

CASE REPORTS 


Calcification in Porcine Xenograft Valves in Children. Meredith 
M. Silver, James Pollock, Malcolm D. Silver, William G. Williams 
and George A. Trusler 


Severe Calcification of Glutaraldehyde-Preserved Porcine 
Xenografts in Children. Francis T. Thandroyen, lan N. Whitton, 
Duncan Pirie, Michael A. Rogers and Abdul S. Mitha 


EDITORIAL 

Silent Myocardial Ischemia in Patients With a Defective Anginal 
Warning System. Peter F. Cohn 

SPECIAL DEPARTMENTS 

Education Update 

In Appreciation 

Letters to the Editor 

American College of Cardiology News 


CONTENTS: VOLUME 45 e NUMBER 4 


725 


732 


742 


749 


757 


762 


769 


775 


782 


791 


797 


806 


811 


CLINICAL STUDIES 


Incidence and Clinical Significance of Induced Ventricular 
Tachycardia. Christine J. Vandepol, Ardeshir Farshidi, Scott R. 
Spielman, Allan M. Greenspan, Leonard N. Horowitz and Mark 
E. Josephson 


Atrial Flutter. I. Electrophysiologic Substrates and Modes of 
initiation and Termination. Rita M. Watson and Mark E. Jo- 
sephson 


Treadmill Exercise Testing in the Wolff-Parkinson-White 
Syndrome. Boris Strasberg, William W. Ashley, Christopher R. 
C. Wyndham, Robert A. Bauernfeind, Steven P. Swiryn, Ramesh 
C. Dhingra and Kenneth M. Rosen 


Effect of Age on Atrioventricular Conduction in Patients With 
Chronic Bifascicular Block. Ramesh C. Dhingra, Christopher 
Wyndham, Prakash C. Deedwania, Robert Bauernfeind, Steven 
Swiryn, David Best and Kenneth M. Rosen 


Occurrence and Significance of Coagulative Myocytolysis in 
the Specialized Conduction System: Clinicopathologic Ob- 
servations. Lino Rossi 


S-T Segment Elevation During Exercise: Electrocardiographic 
and Arteriographic Correlation in 38 Patients. Supote Sriwat- 
tanakomen, Andres R. Ticzon, Stephen A. Zubritzky, Charles 
G. Blobner, Marc Rice, Frederick C. Duffy and Eileen F. Lanna 


EXPERIMENTAL STUDIES 


Myocardial Infarction in the Dog: Effects of Intravenous Pro- 
pranolol. Kim Fox, Elizabeth Welman and Andrew Selwyn 


METHODS 


Method for Recording Electrical Activity of the Sinoatrial Node 
and Automatic Atrial Foci During Cardiac Catheterization in 
Human Subjects. Robert J. Hariman, Ehud Krongrad, Robert A. 


. Boxer, Melvin B. Weiss, Carl N. Steeg and Brian F. Hoffman 


Noninvasive Quantification of Left Ventricular Wall Stress: 
Validation of Method and Application to Assessment of Chronic 
Pressure Overload. Miguel A. Quinones, David M. Mokotoff, 
Soraya Nouri, William L. Winters, Jr. and Richard R. Miller 


"Harvey," the Cardiology Patient Simulator: Pilot Studies on 
Teaching Effectiveness. Michael S. Gordon, Gordon A. Ewy, 
Antonio C. DeLeon, Jr., Robert A. Waugh, Joel M. Felner, Alan 
D. Forker, Ira H. Gessner, Joan W. Mayer and Darrell Pat- 
terson 


PEDIATRIC CARDIOLOGY 


Clinicopathologic Study of Abnormal Q Waves in Kawasaki 
Disease (Mucocutaneous Lymph Nodes Syndrome): An In- 
fantile Cardiac Disease With Myocarditis and Myocardial In- 
farction. Hisayoshi Fujiwara, Cheng-Hsiung Chen, Takako Fuji- 
wara, Kenya Nishioka, Chuichi Kawai and Yoshihiro 
Hamashima 


Ventricular Volume Characteristics of Single Ventricle Before 
Corrective Surgery. Yasuhisa Shimazaki, Yasunaru Kawashima, 
Tohru Mori, Soichiro Kitamura, Hikaru Matsuda and Kanji Yo- 
kota 


Aberrant Left Subclavian Artery in Tetralogy of Fallot. Guillermc 
Velasquez, Pisupati H. Nath, Wilfrido R. Castaneda-Zuniga, Kurt 
Amplatz and Augustin Formanek 


819 


825 


831 


841 


848 


856 


861 


873 


882 


887 


895 


901 


905 
914 


COOPERATIVE STUDIES 


Unstable Angina Pectoris: National Cooperative Study Group 
To Compare Surgical and Medical Therapy. ill. Results in Pa- 
tients With S-T Segment Elevation During Pain. National Co- 
operative Study Group 


REPORTS ON THERAPY 


Treatment of Angina at Rest With Nifedipine: A Short-Term 
Controlled Study. Mario Previtali, Jorge A. Salerno, Luigi Tavazzi, 
Maria Ray, Antonio Medici, Marcello Chimienti, Giuseppe 
Specchia and Piero Bobba 


Effect of Nitrates on Left Ventrieular Size and Function During 
Exercise: Comparison of Sublingual Nitroglycerin and Nitro- 
glycerin Paste. Robert Shutsky, Alexander Battler, Kenneth 
Gerber, Donald Gordon, Victor Froelicher, Joel Karliner and 
William Ashburn 


Ineffectiveness of Sublingual Nitroglycerin in Acute Left Ven- 
tricular Failure in the Presence of Massive Peripheral Edema. 
Fabio Magrini and Andreas P. Niarchos 


Rhythm Disturbances in Hypertrophic Cardiomyopathy: 
Prevalence, Relation to Symptoms and Management. Mario 
|. Canedo, Martin J. Frank and Abdulla M. Abdulla 


Strength-Interval Relation in the Human Ventricle: Effect of 
Procainamide. Joseph S. Camardo, Allan M. Greenspan, Leonard 
N. Horowitz, Scott R. Spielman and Mark E. Josephson 


REVIEWS 


Hypertrophic Cardiomyopathy: Subclassification by M Mode 
Echocardiography. Brian W. Gilbert, Charles Pollick, Allan G. 
Adelman and E. Douglas Wigle 


Syndrome of Symptomatic Coronary Arterial Spasm With 
Nearly Normal Coronary Arteriograms. Frederick A. Heupler, 
Jr. 


Some Clinical Considerations Regarding the Relation of Cor- 
onary Vasospasm to Coronary Atherosclerosis: A Hypothetical 
Pathogenesis. Mario Marzilli, Sidney Goldstein, Maria Giovanna 
Trivella, Carlo Palumbo and Attilio Maseri 


DIAGNOSTIC SHELF 


Exercise-Induced S-T Segment Elevation in Variant Angina. 
Avijit Lahiri, Bala Subramanian, Michael Millar-Craig, John 
Crawley and Edward Bernard Raftery 


Initiation of Ventricular Tachycardia by Reentry Within the 
Bundle Branches: Implications for Electrophysiologic Testing 
of Antiarrhythmic Drugs. James R. Foster and Ross J. Simpson, 
Jr. 


EDITORIALS 


Is Coronary Arterial Spasm a Risk Factor for Coronary Ath- 
erosclerosis? Bernard Lown and Regis A. DeSilva 


SPECIAL DEPARTMENTS 
Letters to the Editor 
American College of Cardiology News 


923 


932 


940 


945 


952 


959 


T 966 


973 


979 


987 


995 


| 1005 


1013 


CLINICAL STUDIES 


Prospective Study of Surgery for Left Ventricular Aneurysm. 
Richard T. Froehlich, Herman L. Falsetti, Donald B. Doty and 
Melvin L. Marcus 


Left Ventricular Aneurysm and Congestive Heart Failure: 
Value of Exercise Stress and Isosorbide Dinitrate in Predicting 
Hemodynamic Results of Aneurysmectomy. John D. Stephens, 
Duncan S. Dymond, David L. Stone, Gareth M. Rees and Ro- 
worth A. J. Spurrell 


High Serum Chromium Levels After Cardiac Valve Replace- 
ment: Clinical Significance and Metabolic Effects. Joachim 
Manthey and Wolfgang Kübler 


Platelet Function Studies in Coronary Artery Disease. VII. 
Effect of Aspirin and Tachycardia Stress on Aortic and Cor- 
onary Venous Blood. Jawahar Mehta, Paulette Mehta, Carl J. 
Pepine and C. Richard Conti 


Pseudoischemic ''False Positive" S-T Segment Changes In- 
duced by Hyperventilation in Patients With Mitral Valve Pro- 
lapse. Julius M. Gardin, Jeffrey M. Isner, James A. Ronan, Jr. 
and Samuel M. Fox, Ill 


The Heart of a Dancer: Noninvasive Cardiac Evaluation of 
Professional Ballet Dancers. Jerald L. Cohen, Prem K. Gupta, 
Edgar Lichstein and Kul D. Chadda 


Value of the Tricuspid Valve Echogram for Estimating Right 
Ventricular End-Diastolic Pressure During Vasodilator Ther- 
apy. Mark R. Starling, Michael H. Crawford, Richard A. Walsh 
and Robert A. O'Rourke 


EXPERIMENTAL STUDIES 


Changes in Blood Flow and S-T Segment During Coronary 
Arterial Occlusion in Denervated and Nondenervated Canine 
Hearts. Michael J. Barber, David E. Euler, John X. Thomas, Jr. 
and Walter C. Randall 


Hemodynamic and Myocardial Consequences of Scorpion 
Venom. Mosche Gueron, Robert J. Adolph, Ingrid L. Grupp, 
Margorie Gabel, Gunter Grupp and Noble O. Fowler 


METHODS 


Diagnosis and Quantification of Aortic Stenosis With Pulsed 
Doppler Echocardiography. James B. Young, Miguel A. Qui- 
nones, Alan D. Waggoner and Richard R. Miller 


Sources of Variability in Echocardiographic Measurements. 
Joel M. Felner, Brent A. Blumenstein, Robert C. Schlant, An- 
thony D. Carter, Benjamin N. Alimurung, Melvin J. Johnson, 
Stanley W. Sherman, Martin W. Klicpera, Michael H. Kutner and 
Louise W. Drucker 


Noninvasive Evaluation of Diastolic Filling Patterns in Patients 
With Atrial Fibrillation by Ejection Time and Preceding Cycle 
Length. Toshitami Sawayama, Shoso Nezuo, Tsukasa Tsuda 
and Kazuhiro Mitani 


PEDIATRIC CARDIOLOGY 


Radionuclide Assessment of Right and Left Ventricular Ex- 
ercise Reserve After Total Correction of Tetralogy of Fallot. 


Lawrence A. Reduto, Harvey J. Berger, David E. Johnstone, - 


William Hellenbrand, Frans J. Th. Wackers, Ruth Whittemore, 
Lawrence S. Cohen, Alexander Gottschalk and Barry L. Zaret 
with the technical assistance of Linda Pytlik 


1019 


1025 


1033 


1037 


1045 


1053 


1061 


1083 


1088 


1095 


1103 


1107 
1109 





CONTENTS: VOLUME 45 e NUMBER 5 





Circulation in Neonates With Intracranial Arteriovenous Fistula 
and Cardiac Failure. Gordon R. Cumming 


Hemodynamic Responses to Supine Exercise in Children With 
Left-Sided Cardiac Disease. Bruce S. Alpert, Kenneth R. 
Bloom, Christopher J. Newth and Peter M. Olley with the tech- 
nical assistance of Constance M. Williams and Wahono Kar- 
todihardjo 


REPORTS ON THERAPY 


Treatment of Postoperative Low Output Syndrome With In- 
traaortic Balloon Pumping: Experience With 419 Patients. 
James T. Sturm, Michael G. McGee, Thomas M. Fuhrman, Gary 
L. Davis, Stephen A. Turner, Sidney K. Edelman and John C. 
Norman 


Treatment of Acute Inflammatory Myocarditis Assisted by 
Endomyocardial Biopsy. Jay W. Mason, Margaret E. Billingham 
and Donald R. Ricci 


Tocainide Therapy for Treatment of Ventricular Arrhythmias: 
Assessment With Ambulatory Electrocardiographic Monitoring 
and Treadmill Exercise. Martin M. LeWinter, Robert L. Engler 
and Joel S. Karliner 


Concealed Retrograde Bypass Tracts and Enhanced Atrio- 
ventricular Nodal Conduction: An Unusual Subset of Patients 
With Refractory Paroxysmal Supraventricular Tachycardia. 
David R. Holmes, Jr., Geoffrey O. Hartzler and James D. Mal- 
oney 


REVIEW 


Clinical Uses of Two Dimensional Echocardiography. Morris 
N. Kotler, Gary S. Mintz, Bernard L. Segal and Wayne R. 
Parry 


DIAGNOSTIC SHELF 


Early Aortic Valve Closure in Combined Idiopathic Hyper- 
trophic Subaortic Stenosis and Discrete Subaortic Stenosis. 
John F. Hagaman, Carla Wolfe and Ernest Craige 


CASE REPORTS 


Unusual Complications of Epicardial Pacemakers: Recurrent 
Pericarditis, Cardiac Tamponade and Pericardial Constriction. 
Robert W. Peters, Melvin M. Scheinman, Stephen Raskin and 
Arthur N. Thomas 


Sudden Death While Driving: Role of Sinus Perinodal De- 
generation and Cardiac Neural Degeneration and Ganglionitis. 
Thomas N. James, Walter N. Pearce, Jr. and Edgar G. Givhan, 
Jr. 


EDITORIALS 


Detection of Left Ventricular Aneurysm and Evaluation of 
Effects of Surgical Repair: The Role of Radionuclide Cine- 
angiography. Jeffrey S. Borer, Jerome G. Jacobstein, Stephen 
L. Bacharach and Michael V. Green 





SPECIAL DEPARTMENTS 
Letters to the Editor 
American College of Cardiology News 


CONTENTS: VOLUME 45 e NUMBER 6 


1113 


1120 


1126 


1132 


. 1139 


1148 


1154 


1161 


1167 


1182 


1189 


1196 


1201 


1211 


CLINICAL STUDIES 


Comparison of Exercise Radionuclide Angiocardiography and 
Thallium-201 Myocardial Perfusion Imaging in Coronary Artery 
Disease. David E. Johnstone, Milton J. M. Sands, Harvey J. 
Berger, Lawrence A. Reduto, Anthony S. Lachman, Frans J. Th. 
Wackers, Lawrence S. Cohen, Alexander Gottschalk and Barry 
L. Zaret with the technical assistance of Linda Pytlik 


Prognostic Significance of Preoperative Left Ventricular 
Ejection Fraction and Valve Lesion in Patients With Aortic 
Valve Replacement. Robert Forman, Brian G. Firth and Marius 
S. Barnard 


Repetitive Beating After Single Ventricular Extrastimull: In- 
cidence and Prognostic Significance in Patients With Re- 
current Ventricular Tachycardia. Jay W. Mason 


Electrocardiographic Exercise Testing and Ambulatory 
Monitoring to Identify Patients With Ischemic Heart Disease 
at High Risk of Sudden Death. Ljudmila A. Ivanova, Nikolai A. 
Mazur, Tatiana M. Smirnova, Alexander B. Sumarokov, Vladimir 
A. Nazarenko and Elena A. Svet 


Effect of Turbulent Blood Flow on Systolic Pressure Contour 
in the Ventricles and Great Vessels: Significance Related to 
Anacrotic and Bisferious Pulses. Hani N. Sabbah, Edward F. 
Blick, Daniel T. Anbe and Paul D. Stein 


Cycle Length in Atrioventricular Nodal Reentrant Paroxysmal 

Tachycardia With Observations on the Lown-Ganong-Levine 

Syndrome. Robert A. Bauernfeind, Bronte F. Ayres, Christopher 

C. Wyndham, Ramesh C. Dhingra, Steven P. Swiryn, Boris 
\ Strasberg and Kenneth M. Rosen 


Effect of Brief and Prolonged Exercise on Left Ventricular 
Function. Mark T. Upton, Stephen K. Rerych, John R. Roeback, 
Jr., Glenn E. Newman, James M. Douglas, Jr., Andrew G. Wal- 
lace and Robert H. Jones 


Percutaneous Transluminal Coronary Angioplasty: Its Potential 
impact on Surgery for Coronary Artery Disease. Robert |. 
Hamby and Stanley Katz 


EXPERIMENTAL STUDIES 


Natural and Evoked Atrial Flutter Due to Circus Movement 
in Dogs: Role of Abnormal Atrial Pathways, Slow Conduction, 
Nonuniform Refractory Period Distribution and Premature 
Beats. John P. Boineau, Richard B. Schuessler, Charles R. 
Mooney, Carey B. Miller, Anita C. Wylds, Roger D. Hudson, 
Joseph M. Borremans and Charles W. Brockus 


Reflex Heart Block: Baroreflex, Chemoreflex and Broncho- 
pulmonary Reflex Causes. Thomas N. James, Ferdinand Ur- 
thaler and Gilbert R. Hageman 


Attenuation by Magnesium of the Electrophysiologic Effects 
of Hyperkalemia on Human and Canine Heart Cells. Leon F. 
Kraft, Richard E. Katholi, W. Thomas Woods and Thomas N. 
James 


Digoxin-Quinidine Interaction: Changes in Canine Tissue 
Concentration From Steady State With Quinidine. James E. 
Doherty, K. David Straub, Marvin L. Murphy, Neil de Soyza, Joe 
K. Bissett and James J. Kane 


Effects of Selected Drugs on Serum Digoxin Concentration 
in Dogs. R. Douglas Wilkerson, Peter B. Mockridge and George 
K. Massing 


METHODS 


Left Ventricular Regional Wall Motion Assessment by Multi- 
gated and End-Diastolic, End-Systolic Gated Radionuclide 
Left Ventriculography. Robert D. Okada, Gerald M. Pohost, 
Allen B. Nichols, Kenneth A. McKusick, H. William Strauss, 
Charles A. Boucher, Peter C. Block, Simon V. Rosenthal and 
Robert E. Dinsmore 


1219 


1225 


1231 


1237 


1245 


1250 


1258 


1265 


1272 


1285 


1292 


1301 


1305 


1308 
1309 


Noninvasive Beat to Beat Monitoring of Left Ventricular 
Function by a Nonimaging Nuclear Detector During Premature 
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R. Reid, Philip O. Alderson and Ronald H. Baxter 
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Mechanism in Patients With Spontaneous and Exertional 
Angina Associated With S-T Segment Depression. Stefano 
de Servi, Giuseppe Specchia, Diego Ardissino, Colomba Fal- 
cone, Antonio Mussini, Luigi Angoli, Ezio Bramucci, G. Piero 
Marinoni, Antonello Gavazzi and Piero Bobba 

CASE REPORTS 
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40 Years or Over. Bruce F. Waller and William C. Roberts 
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Our Cinegram films give you 
much more diagnostic information. 
.. One reason is our field service staff...’ 


a 


“Is experience with your specific 
cineradiographic equipment important 
for a film supplier? 

“Itis, if you want a major improvement 
the quality of your images. That's becaus 
the unique combination of equipment y< 
have .'. . everything from your radiation 
source to your projector . . . will pro- 
foundly affect the proper film and chemi 
try choice... as well as the exposure ar 
processing requirements. 

“A film system that's perfect for one 
facility may be wrong for another. . . eac 
piece of equipment must be tested first . 
and the total film system must be matche 
to those findings 

"I can tell you that at Ilford we never ste 
with preconceptions about the equipme 
or the cardiologist's needs. We never 
assume anything. We always begin by 
asking the diagnostician to tell us what 
specific image improvements he or she 
wants. Then we test the equipment... 
and custom design a system to deliver 
the improved image the diagnostician 
requires. 

“But Knowing the image needs and 
equipment is only half the answer. The 
other half is having good films. Notice 
| said films. Plural. Ilford makes two dif- 
ferent cineradiographic films ... each 
with different characteristics. And we 
have two developers. This increases ou 
options significantly. 

"Whatever the diagnostician's image 
preferences, we can usually provide it. 
Whether it's higher contrast . . . wider 
latitude or anything in-between. It's 
possible because of our products... ar 
equally important... the experience of 
our people. Every one of them is a traine 
cineradiology specialist. 

"Experience does count. And the 
ILFORD Cinegram field service staff ha: 
it... like no one else in this field.” 

To learn more about the ILFORD 
Cinegram System, call or write... 
ILFORD Inc., Medical Imaging Division, 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000 


ILFORD 


For diagnosticians 
who really care about quality. 
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TAKE A LOOK AT HONEYWELL'S NEW RECORDER 
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AND SEE WHAT YOU'VE BEEN MISSING 
IN ECHOCARDIOGRAMS. 


If you're not seeing everything you expect from your 
present system, you should be looking at the LS-8—a 
totally new concept in presenting diagnostic information 
for echocardiography. 

It delivers crisp black and white echocardiograms 
that wont fade. Echocardiograms that are developed 
dry, without chemicals, and without any warm-up delay 
caused by speed changes. So you get an instant 
echocardiogram for immediate evaluation. 

And what an echocardiogram! Sharp and clear, 
with automatic intensity compensation for paper speeds 
from 5 to 100 mm/sec and the kind of high resolution 
and superior contrast that comes only from a wide and 
accurate gray scale range. Optional with direct print 
paper at 5 to 500 mm/sec. 

Specific application modules provide optimum 
performance in a wide variety of applications, including 


M-mode echo, video for real time, and B-scan. Other 
modules can interface with up to six physiological data 
channels and provide timelines. The 2 kHz frequency 
response of the data channels provides diagnostic- 
quality phonocardiography recordings. And since the 
LS-8 is convection-cooled, there's no fan noise, no 
acoustical interference on sensitive phonocardiography 
channels. 

Now add operation that's simpler than ever, a 
design that's quick and easy to service, and you have 
the LS-8, backed by the experience and expertise of 
people whose business is graphic recorder technology. 

Honeywell's new LS-8 Stripchart Recorder will 
deliver every bit of image quality your ultrasound system 
is capable of. Ask your echo system supplier. Or contact 
Bob Shipman, Honeywell Test Instruments Division, 
Dept. AJC, Box 5227, Denver, Colorado 80217, phone 
303/771-4700. 


WE'LLSHOW YOU A BETTER WAY. 
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EXERCISE TESTING 
CLEARLY EXPLAINED 


Stress Testing: Principles 
and Practice, 2nd Edition 


More physicians are realizing that stress testing is an essential tech- 
nique. It can give very precise information about cardiac perform- 
ance, and can reveal latent coronary disease as well as measure the 
degree of disability. Whether you need to determine the functional 
capacity of athletes, or to diagnose ischemic heart disease, the new 
edition of this clear, logical text gives you immediately applicable, 
practical guidance. 


Based on Dr. Ellestad's wealth of experience, and completely up- 
dated to reflect new developments and current thinking, this com- 
prehensive "how to" book provides you with the vital information 
needed for multi-stage stress testing. The excellent quality repro- 
ductions of electrocardiograms, the illustrative case presentations, 
the informal, straightforward style—all the features that made the 
first edition of this text a classic—remain in the 2nd edition. Much 
additional information on pediatric stress testing, nuclear cardiology, 
and stress testing of the asymptomatic individual, as well as new 
illustrations, tables and references, add to the value of this new edi- 
tion. Stress Testing will give you invaluable aid in functional assess- 
ment, diagnosis, and the assessment of therapeutic results. 


By MyrvinH. Ellestad, MD, Chief, Section of Cardiology, and Director, 
Division of Clinical Physiology, Memorial Hospital Medical Center, 
Long Beach, California; Clinical Professor of Medicine, University of 
California at Irvine, Irvine, California. About 370 pp., 220 ill. Ready 
July 1980. $35.00. Order #3111-1. 


Contents Include: History of Stress Testing. Cardiovascular re- 

sponse to exercise. Peripheral effects of exercise. Physiological 

responses of the ischemic heart. Ischemic S-T segment depression: 

Hemodynamic, electrophysiological and metabolic factors in its gen- 
esis. Indicationsfortesting. Contraindications and safety precautions. 
Parameters to be measured. Stress testing protocol. Memorial Hos- 

pital protocol. ECG patterns and their significance. Pediatric stress 

testing. Nuclear stress testing. Predictive implications. Effects of 

metabolic abnormalities and drugs. Computers and stress testing. 

Stresstesting in asymptomatic patients. 








Books of Related Interest 


Brandenburg: Office Cardiology, Cardiovascular Clinics 

Vol. 10, No. 3 

Dr. Brandenburg andseventeencolleaguesfromthe Mayo Clinic pre- 
sent a wealth of information on the cardiovascular problems en- 
countered in ambulatory patients in an office practice. This excellent 
new book emphasizes the importance of a properly performed car- 
diovascular examination and the effective use of noninvasive 
techniques. 

Edited by Robert O. Brandenburg, Sr., MD, MS, Professor of Medi- 
cine, Mayo Medical School; Consultant, Cardiovascular Diseasesand 
Internal Medicine, Mayo Clinic, Rochester, Minnesota. 308 pp. 103 ill. 
February 1980. $37.50. Order #1118-8. 


Castellanos: Cardiac Arrhythmias: Mechanisms and 
Management, Cardiovascular Clinics Vol. 11, No. 1 

This exceptionally comprehensive and broadbased work provides 
you with expert guidance on how to recognize and treat cardiac 
arrhythmias. Dr. Castellanos and sixteen noted contributors cover 
subjects ranging from Computer Recognition of Cardiac Arrhythmias 
to the Clinical Value of Ambulatory Rhythm Monitoring. 

Edited by Agustin Castellanos, MD, Professor of Medicine, Director, 
Clinical Electrophysiology, University of Miami School of Medicine, 
Miami, Florida. 296 pp. 120 ill. Ready May 1980. $40.00. Order 
#1684-8. 
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| I would like to receive a copy of Ellestad: Stress Testing, 
2nd Ed., on 30-day approval. 
i | would also like to receive the indicated books on 30-day approval. 


[] Engle: Pediatric Cardiovascular Disease. About $48.00. Ready Oct. 
1980. #3204-5. 

Castellanos: Cardiac Arrhythmias: Mechanisms and Management. 
$40.00. May 1980. #1684-8. 

Brown: Anesthesia and the Patient with Heart Disease. $20.00. Jan. 
1980. 1t1260-5. 

Brandenburg: Office Cardiology. $37.50. Feb. 1980. 1118-8. 
Willerson: Nuclear Cardiology. $35.00. May 1979. #9329-x. 

yr Congenital Heart Disease in Adults. $60.00. April 1979. 
#741 . 

Wenger: Exercise and the Heart. $35.00. 1978. #9226-9. 

Kotler & Segal: Clinical Echocardiography. $35.00. 1978. #5440-5. 
Onesti & Brest: Hypertension: Mechanisms, Diagnosis, and Treatment. 
$35.00. 1978. #6630-6. 

Yang et al.: From Cardiac Catheterization Data to Hemodynamic Para- 
meters, 2nd Edition. $30.00. 1978. #9706-6. 

Helfant & Banka: A Clinical and Angiographic Approach to Coronary 
Heart Disease. $30.00. 1978. #4620-8. 

Rios: Clinical Electrocardiographic Correlations. $35.00. 1977. #7400-7. 
Rahimtoola: Coronary Bypass Surgery. $35.00. 1977. #7270-5. 
Corday: Controversies in Cardiology. $35.00. 1977. #1980-4. 

Spodick: Pericardial Diseases. $32.00. 1976. #8090-2. 

Brest et al.: Innovations in the Diagnosis and Management of Acute 
Myocardial Infarction. $32.00. 1975. #1190-0. 

Vidt: ae Clinic Cardiovascular Consultations. $23.00. 1975. 
#8930-6. 

Fowler: Diagnostic Methods in Cardiology. $35.00. 1975. #3710-1. 
Melmon: Cardiovascular Drug Therapy. $18.75. 1974. #6125-8. 
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may return the books, in good condition, within 30 days. There 
will be a nominal charge for postage and handling. 
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the practical approach to 
ambulatory blood pressure 
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Nam: ps 
Comfortably worn on belt or shoulder strap. 
Size 1-1/4" x 5.1/9" x 6.1/4" Weight 14 ounces 


No playback time or equipment required. 


t. 
TF 


\ 


For a derfionstrotion or further information write or call collect j 
Cardiodune General Incorporated / Glomar Ave. Sunnyvale, California 94086 408 738-5955 
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Stress testing requires accurate control and monitoring 
of cardiac output. That means utilizing an exercise device 
which will maintain the subject’s heart rate at a constant 
BPM by varying the work load. That means Pedalmate! 


The Pedalmate is an ergometer which offers two modes of 
operation. In the ‘Heart Rate Control Mode,’ the work load 
is automatically varied by means of a feedback control 
signal which is proportional to the difference between the 
subject's actual heart rate and a preset, selectable heart 
rate. The subject's actual heart rate is detected by a blood 
pressure wave transducer which attaches comfortably to 
the earlobe. The fine adjustment in work load makes it 
possible to exercise the subject at a preset heart rate level 
for a preselected time. 


When in the ‘Manual Mode,’ the Pedalmate presents the 
subject a constant load (manually variable) which re- 
mains constant independent of pedal rate. 


SPECIFICATIONS 
Heart Rate Control Accuracy: +5 BPM 
Heart Rate Accuracy: +2% of reading 
Watt Load Accuracy: +5% of reading 
Pedal Rate Accuracy: +2% of reading (0-120 rpm) 
Heart Rate Range: 40 to 180 BPM 
Watt Load Range: 25 to 200 watts 
(150 to 1200 KPM/min.) 
Pedal rpm Range: 0-120 rpm (30-120 rpm 
constant work) 
Timer Range: 0 to 30 minutes 


Lamp Indicators: AC Power Lamp, Heart Beat 
LED, Heart Control Program 
Run Lamp 


Meters: Heart Rate (BPM), 
Pedal Rate (rpm), 
Work Load (watts) 


Other Controls: Mode Select Switch, 
Preset Heart Rate Dial, 
Manual Watt Load Control, 
Key Power Switch 


Output Signals: Heart Rate CAL Factor = 
1 BPM/50 mv. 
Watt Load CAL Factor = 
1 watt/50 mv. 


For additional information, write or call 


Warren E. Collins, Inc., 220 Wood Road 
Braintree, MA 02184 Tel. (617) 843-0610 
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onitoring Needs... b 


Your Best 


Resource, 


.Elecath. 


Because we specialize, you can catheterize 
better. Easier handling, faster, more accurate 
placement are the direct results of being able to 
choose from an extensive line of innovative 
Elecath designs. 


Elecath offers you: 
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Thermal Dilution Catheters 
e Baltherm™ Flow-Directed Balloon Catheters For |». VM vou end at your NOIRE 
Use Without Fluoroscopy f y^ quicker, surer placement. 
e Torktherm™ Torque Control Catheters For Use Lf. fF 
With Fluoroscopy A È om n n For example, our Baltherm™ 
e Surgitherm™ Mini-Probes For Monitoring Post- { A : Metti ir dies. 
surgical Cardiac Output i a 3 - Monitoring Catheter 
i | e Vented d bl 
V^ Double Pressure Catheters | | vu eme ttem ah di 
e Balwedge™ Double-Pressure (Triple Lumen) : e Introducing assembly for per- 
Catheters b cutaneous insertion of probe 
unos z with 5F only . . 
Single Pressure Catheters 
e Balwedge™ Single-Pressure (Double Lumen) ges 
Catheters QN = 
ELECATYA 


Pulmonary Angiography Catheters 
e Balwedge™ Pulmonary Angiography Catheters ELECTRO-CATHETER CORPORATION 





And A New Elecath Cardiac Output Computer 2100 Felver Court, 
Model COC 4000 Rahway, New Jersey,07065,U.S.A. 
EC For the name of your nearest distributor, 
e / Ibs. Of Innovative Monitoring Technology call: (B00) 526-4243. In N.J. (201) 382-5600 


The choice is yours and it's an excellent one 
when you select Elecath. To aid you in your 
selection, please write us for copies of our new 
detailed literature. 
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Elecath. A complete family of precision cardiac 

Your Best Resource For catheters for all of your hemodynamic 


monitoring and temporary pacing needs. | 


Innovative Cardiovascular 


P her reason were called PACESETTER: — 


Pacesetter 
Invents the: 
Worlds First 





Most pacemaker manufacturers offer some sort of 
v warranty, of course. But these programs often do 

T little more than limit the physician's freedom to 
choose an alternate pacemaker for replacement. 


Until now. 


The startling new Pacesetter Systems *Freedom of Choice" 
Replacement Credit program provides a $500 credit to the 
account of the patient who receives a Pacesetter Pulse 
Generator, regardless of the make and power source explanted. 


This innovation from Pacesetter Systems — latest in a long 
succession of innovations in cardiac pacemakers and tech- 
niques — represents another major step forward in the providing 
of quality care for physicians and patients alike. Just what 

you^ ve come to expect. From Pacesetter 


fori more details on this exciting new program, contact your 
Pacesetter Systems representative, or due us direct at toll-free 
(800) 423-5611 (in California, 

call collect (213) 367-1911). 
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“Where reliability is a way of life" ^ f vivit = 
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Pacesetter Systems, Inc. 


12884 hit ipee Sylmar, California 91324 USA * Telex: 698415 (Paceseter Sylm) * 
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Pharmacokinetics Anxiety neuroses 


Ativan (lorazepam) is eliminated more rapidly In many nationwide studies involving 

: than other benzodiazepines; generates no thousands of patients with anxiety neuroses, 
clinically active metabolites. The half-life of Ativan (lorazepam) consistently provided 
free lorazepam is about 12 hours; steady-state significant relief of anxiety, tension, agitation 
blood levels are attained in 2-3 days. and irritability as measured by standard 
(Comparable data for diazepam: 20-50 hours Hamilton, Global (physician rated) 
and at least 7-10 days.) Ativan shows no and 35-Item (patient self-rated) scales. 


evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 


Copyright © 1979, Wyeth Laboratories Div. of AH PC, N.Y., N.Y. All rights reserved 
€ 


They're all about the same, aren't they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: 
different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 
At the same time, your choice can be made with confidence in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. | 


. Consider the record of Ativan: 


| 





Anxiety in 

cardiovascular disorders 

Ativan (lorazepam) has been specifically 
evaluated and found effective in seven 
common protocol, double-blind studies 
involving 423 patients (211 on Ativan) 
whose anxiety was related to organic 
and functional cardiovascular disorders. 
The cardiovascular component 

has not, of course, been shown to be 
significantly benefited by such therapy. 





Anxiety in 
gastrointestinal disorders 

So far, nine common protocol, double-blind 
studies of Ativan have focused on anxious 
patients with functional or organic 
gastrointestinal complaints (457 patients, 
234 on Ativan). Ativan was clearly effective 
in reducing the anxiety of these patients. 
The gastrointestinal component has not, 

of course, been shown to be significantly 
benefited by such the 











Anxiety in 

the aging patient 

Because its simple metabolism is not readily 
impaired with advancing age, and 
accumulation is not likely to present a 
problem, Ativan is a good choice for older 
patients. Those who have trouble swallowing 
solid medication appreciate the small Ativar 
tablet, which is tasteless and disintegrates 
within seconds in water or fruit juice. 


Ativan. 
for lorazepam, 





See important information on following page. y 
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f Summary of Prescribing Information 


sations and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
nnia associated with anxiety neuroses and transient situational disturbances; anxiety 
ciated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
; are a significant feature of functional or organic disorders, particularly gastrointestinal or 
iovascular 

lectiveness in long-term use. i.e.. more than 4 months, has not been assessed by system- 
clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


traindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


nings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
1g drugs. warn patients on lorazepam not to operate machinery or motor vehicles, and of 
nished tolerance for alcohol and other CNS depressants 

ysical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
les and alcohol have occurred following abrupt discontinuance of benzodiazepines 
uding convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
‘prone individuals. e.g. drug addicts and alcoholics, should be under careful surveillance 
n on benzodiazepines because of their predisposition to habituation and dependence 
idrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
Jines taken continuously at therapeutic levels for several months 


cautions: In depression accompanying anxiety, consider possibility for suicide. 

yr elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
ation 

minate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
ptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
ial convulsions 

ibserve usual precautions with impaired renal or hepatic function 

[here gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
t 

sophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
} kg day No effect dose was 1 25mg/kg/ day (approximately 6 times the maximum human 
‘apeutic dose of 10mg/ day) Effect was reversible only when treatment was withdrawn within 
ionths of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
ged periods and in geriatric patients requires caution and frequent monitoring for symptoms 
ipper G |. disease 

iafety and effectiveness in children under 12 years have not been established 


SENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
vations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
recommended during long-term therapy 


INICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
acts when administered with such medications as barbiturates or alcohol. 


RCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
s during an 18-month study. No studies regarding mutagenesis have been performed. 


EGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits 
casional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
Iformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
sage. Although all these anomalies were not present in the concurrent control group, they 
ve been reported to occur randomly in historical controls. At 40mg /kg and higher, there was 
dence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
ses Clinical significance of these findings is not known. However, increased risk of congeni- 
malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
iprobamate) during first trimester of pregnancy has been suggested in several studies. 
cause use of these drugs is rarely a matter of urgency. use of lorazepam during this period 
guid almost always be avoided. Possibility that a woman of child-bearing potential may be 
2gnant at institution of therapy should be considered. Advise patients if they become preg- 
nt to communicate with their physician about desirability of discontinuing the drug 

In humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 
d its glucuronide 

JRSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
nzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
any drugs are excreted in milk 


iverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
sappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
itients. most frequent adverse reaction is sedation (15.996), followed by dizziness (6 9%), 
»akness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
a. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
nction disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
ince of sedation and unsteadiness increased with age. Small decreases in blood pressure 
ive been noted but are not clinically significant, probably being related to relief of anxiety. 


verdosage: In management of overdosage with any drug, bear in mind that multiple agents 
ay have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
duce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
g of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
ith Levarterenol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined 


Ativan: 
Anxiety 


osage: Individualize for maximum beneficial effects. Increase dose 
iradually when needed, giving higher evening dose before increasing 
aytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
ay vary from 1 to 10mg/day in divided doses. For elderly or debili- 
ed, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
nal stress, 2-4rng h.s. 


w Supplied: 0.5, 1.0 and 2.0mg tablets. 
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Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 


This rare treatment of such a multifaceted subject provides an unusual op- 
portunity for the busy clinician to add to his knowledge in a minimum 
amount of time. Any area of immediate interest can be rapidly located and 
as much data as needed can be quickly extracted. The concentration on 
improved clinical management will be appreciated by every internist, card- 
iologist, generalist, and any professional involved in cardiovascular 
medicine. 


Dean Mason, President of the American College of Cardiology, has or- 
ganized this monograph within the three areas relevant to an understanding 
of congestive heart failure: mechanisms, evaluation and treatment. Fifty-six 
recognized authorities have been assembled by Dr. Mason, each contrib- 
uting their expertise to make this book the foremost text covering the highly 
important and common disorders of abnormal heart function. 


This presentation of recent advances in basic research and clinical 
progress has been highly acclaimed for its major contribution to the im- 
provement of patient care. We invite you to see if you don't agree. Order 
and take 30 days to look over the book. If you're not totally satisfied, return 
it. 


About the author... Dean T. Mason, M.D. 

Professor of Medicine, Professor Ya bas Chief of Cardiovascular Medicine, 
University of California, School of Medicine, Davis. 

President, American College of Cardiology; President, Western Society for Clinical 
Research. 

Member of the American Board of Internal Medicine Cardiovascular Diseases. 

Has authored more than 400 original articles on cardiovascular science and clinical 
cardiology. 

Serves on the editorial boards of The American Journal of Cardiology, The Journal of 
Clinical Investigation, Circulation, Chest, Clinical Pharmacology and Therapeutics, 
Catheterization and Cardiovascular Diagnosis, and Heart and Lung. 

Recipient of Experimental Therapeutics Award in 1973 from the American Society of 
Pharmacology and Experimental Therapeutics, the Research Awards in 1965 from 
the American Therapeutic eed and the Theodore and Susan B. Cummings 
Humanitarian Awards in 1972, 1973, and 1975 from the U.S. State Department and 
the American College of Cardiology. 
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Please send me a copy of CONGESTIVE HEART FAILURE for 30 days free ex- 
amination and use. If I decide to keep it, your invoice will be honored ($35.00 plus 
shipping cost). Otherwise, the book will be returned for full credit or refund. 
© Full payment enclosed, publisher absorbs shipping cost. 
© Send invoice (U.S. and Canada only) 

Countries outside Western Hemisphere: $40.00 prepaid in U.S. funds. 
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In angina pectoris... 


NIIRO-BID 
















"Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 
evidence of pharmacological activity evident 
"up to eight hours after application! 


data indicate that nitroglycerin ointment 

NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous tone with 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia"? 
* 


| 


Patient-titratable dosage 


M Summary: 
seription: Nitroglycerin 2% (glycery trinitrate) and lactose in a special absorptive lanolin and white 
atu base. 
cy : Nitroglycerin is continuously absorbed through the skin into the circulation, thus exerting prolonged 
* vasudilator effects. 
Xf wications: For the prevention and treatment of angina pectoris due to coronary artery disease. 

fications: In patients known to be intolerant of the organic nitrate drugs. 
js: In acute myocardial infarction or congestive heart failure, nitroglycerin ointment should be 
der careful clinical and/or hemodynamic monitoring. . 
Precautions: Symptoms of hypotension, particularly when suddenly arising from the recumbent position, 
are signs of overdosage. When they occur, dosage should be reduced. 
\ Adverse Reactions: Transient headaches are the most common side effect, 
, especially at higher dosages. Headaches should be treated with mild analgesics, 
and niyoglycerin ointment continued. Only with untreatable headaches should 
the dosage be reduced. Although uncommon, hypotension, an increase in heart 
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Another patient benefit product from 
PHARMACEUTICAL DIVISION 


MARIO 


LABORATORIES, INC. 
KANSAS CITY, MISSOURI 64137 


2h nitroglycerin) 
lransdermal Ointment 


For prolonged prophylactic action, 
with improved left ventricular function 





rate, faintness, flushing, dizziness, and nausea may occur. These all'are attributable to the pharmacologic 
effects of nitroglycerin on the cardiovascular system, but are symptoms of overdosage. When they occur 
and persist, the dosage should be reduced. 

Dosage: Usual dose is 2 inches (50 mm), as squeezed from the tube, every eight hours. Some patients 
may need 4 to 5 inches (100 to 125 mm) and/or application every four hours. Optimal dosage should be 
based upon clinical response, side effects, and effects of therapy upon biood pressure. Consult full product 
disclosure before prescribing, 

Caution: Federal law prohibits dispensing without prescription. 

References: 

1. Davidov M, Mroczek W: The effect of nitroglycerin ointment on exercise capacity in patients with angina 
pectoris. Presented at American College of Pharmacology meeting, Washington 
DC, April 1977. 

2. Awan NA, Miller RR, Maxwell KS, et al: Cardiocirculatory and antianginai actions 
of nitroglycerin ointment. Chest 73:14-18 (Jan) 1978. 
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Were proud to introduce 


VIICROI HIN- 


to you as the first phase 


In our pacing program 
for the future. 


MICROTHIN-1 affords you traditional CPI reliability Pi 
important patient benefits, including: | ‘ 


e Slim 11 mm Profile / 
e Light Weight 


» Predictable, Precise Replacement Indicator 
e Unipolar or Bipolar Option 


MICROTHIN-D1 gives you the best features aVailable.ih ventricular 
demand pacing . . . unexcelled reliability aftér seven years of lithium 
pacing experience, plus carefully engineered prodúct refinements 

developed through CPI's dedication to pacing pérfection. 


Available in Models 0520 Unipolar and 0620 Bipolar. 


MICROTHIN-P1 is the programmable ventricular demand pace- 

maker that sets the standard for easy programming and follow-up. 
EASY TO PROGRAM: It's a challenge to design a programing 
system that's easy to use. But CPI turns challenge into precedent- 


setting products and thus MIGROTHIN-P1 is unequalled in program- 
ming ease. A programming Sequence is completed jh just 2.5 
seconds. 


EASY TO FOLLOW-UP. We've simplified yourfollow-up routine by 
taking the inaccuracy out of the replacementdndicator. You don't 
need to trust calculations based on last programmed rate, length of 


implant, or output voltage. For all your patients, simply replace 
MICROTHIN-P1 at a magnet rate of 85/ppm. 


PATIENT-ORIENTED OPTIONS. MICROTHIN-P1 provides 90 


rates between 30 and 119. . .20 oátput choices from low diagnostic 
to high output. . .so your care fof each patient can be individualized. 


Available in Models 0522 Unifolar and 0622 Bipolar. 


There's more to come! Contact your sales representative for details. 
And keep in contact the future with MICROTHIN has just begun. 


2-YEAR WARRANTY EXTENSION 
NOW AVAILABLE! 


ance the CPI Porous Tir 
we are now granting a 2-yeal 
MICROTHIN Warranty Exten: 
when you implant any MICRO 
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Cardiac Pacemakers, In 
4100 Nort- HamMline Ave 
PO. Box43079 
St Paul’Minnesota 551 
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-or ventricular arrhythmias. 
-or atrial arrhythmias. 





"or smooth, trouble-free conversion. 


"or steady maintenance. 


rj Greater GI tolerance 
than with quinidine sulfate 
t3 Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to norma! sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
Anly low b.i. J. ort.i.d. dosage of this unique polygalacturonate 
satt of quinidine is required for maintenance in most cases. 
The ^olygalacturonic acid serves as a buffering moiety. It pro- 
tects :he mucosa of the stomach and permits dependable 
absorption of the quinidine."* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. B, “altimore, Williams and Wilking Co., 1972, p. 456. 
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BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atria! 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibriliation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine, WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 


€ 


polygalacturonate 275 mg.) is equivalent in quinidine content to 3 . 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 


must be adjusted to Individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by V» to 1 tablet (137.5 to 275 mg.) and administered three to fou: 
times before any furiner dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tabl.. 
morning and night wiil be adequate, SUPPLIED: Uncoated, scold 
tablets in bottles of 100. 
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